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ABSTRACT 


The  aging  E-2C  fleet  is  expected  to  be  retired  by  the  year  2015.  In  order  to 
orovide  Airborne  Early  Warning  (AEW)  for  the  battle  group  during  the 
transitional  years  and  beyond,  the  design  of  a  replacement  aircraft  must  begin 
soon.  In  order  to  conform  with  present  day  economic  realities,  one  possible 
configuration  is  a  new  airframe  using  the  radar  system  and  rotodome  which 
currently  operates  on  the  E-2C.  Other  likely  requirements  for  a  new  AEW 
aircraft  includes  a  high-speed  dash  (M=0.7-0.85)  capability,  an  extended 
mission  time  (up  to  7.5  hours),  turbofan  engines,  and  an  aircrew  ejection 
system. 

The  results  of  this  design  effort  includes  an  investigation  of  a  possible 
configuration  and  the  aerodynamics  involved.  Performance  and  Stability  & 
Control  characteristics  are  also  discussed  briefly.  Finally,  a  qualitative  analysis 
of  the  use  of  the  E-2C's  radar  system  on  a  new  airframe  will  be  presented. 
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I.  INTRODUCTION 


The  purpose  of  this  thesis  is  to  provide  an  initial  conceptual  design  for  a 
carrier-based  Airborne  Early  Warning  (AEW)  aircraft  that  would  replace  the 
E-2C.  The  AEW  aircraft  design  is  in  response  to  a  Proposed  Request  For 
Proposal  (Proposed  RFP),  which  is  based  on  the  perceived  need  to  replace  the 
E-2C.  The  Proposed  RFP  was  prepared  by  C.F.  Newberry  after  informal 
discussions  with  several  individuals  including  students,  Naval  Air  Systems 
Command  (NAVAIRSYSCOM)  staff,  and  other  members  of  the  E-2C  community. 
It  is  not  an  official  document,  but  rather  a  general  guideline  for  an  AEW  design. 
The  Proposed  RFP  is  included  as  Appendix  A.  This  chapter  will  provide  some 
introductory  material  necessary  to  understanding  the  issues  involved  in 
designing  any  generic  AEW  aircraft.  A  description  of  a  generic  AEW  mission 
profile  will  be  discussed.  Additionally,  a  brief  description  of  the  method  of 
design  will  be  presented. 

A.  BACKGROUND 

1.  Proposed  Request  For  Proposal 

With  an  increasingly  aging  E-2C  fleet,  the  Navy  has  recently 
recognized  the  need  for  a  replacement  AEW  aircraft.  In  accordance  with 
present  economic  realities,  the  first  objective  is  to  provide  a  capable  platform 
that  IS  cost  effective.  A  "low  risk  airframe  configuration”  is  most  desired.  A  low 
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risk  detection  system  is  also  desired.  In  order  to  satisfy  the  above  objectives,  a 
Proposed  RFP  requirement  is  to  include  the  existing  24-foot  rotodome  currently 
being  used  on  the  E-2C  in  the  new  design. 

In  order  to  detect  high-speed  adversary  aircraft  as  far  from  the  battle 
group  as  possible,  and  to  quickly  replace  an  aircraft  with  an  inoperative 
detection  system,  there  is  a  requirement  that  a  new  AEW  platform  possess  a 
high  speed  dash  (M=0.70-0.85)  capability.  The  aircraft  must  also  possess 
excellent  loiter  characteristics  in  order  to  provide  long  periods  of  detection  for 
the  battle  group.  A  total  unrefueled  mission  cycle  time  of  5.75  hours  is  required. 
Additionally,  an  in-flight  refueling  capability  is  required  to  extend  mission  cycle 
time. 

The  new  AEW  aircraft  is  required  to  provide  direct  self  defense.  It  is 
expected  that  two  AIM-7  Sparrow-sized  missiles  would  be  mounted  on  wing 
stations.  Additionally,  it  is  required  that  the  aircraft  possess  chaff  and  flare 
launchers.  Also,  there  is  a  requirement  for  a  crew  ejection  escape  system. 

Carrier  Suitability  requirements  include  total  compatibility  with  all 
CVN-68  (Nimitz  class)  carriers  and  subsequent,  and  a  maximum  takeoff  weight 
of  60,000  lbs.  Also,  in  an  effort  to  remove  the  hazards  of  spinning  propellers  on 
the  flight  deck,  a  turbofan  propulsion  system  is  required.  Table  1  outlines  the 
significant  Proposed  RFP  requirements  for  the  AEW  aircraft. 

2.  AEW  Mission  Profile 

The  Proposed  RFP  specified  some  general  mission  requirements  the 
AEW  aircraft  must  be  able  to  accomplish.  Also  included  is  standard  information 


2 


on  essential  mission  parameters  such  as  start,  taxi,  fuel  reserves,  etc.  These 
requirements  were  used  along  with  a  baseline  knowledge  of  the  AEW  mission 
to  generate  the  mission  profile  shown  in  Figure  1.  Mission  parameters  are 
summarized  in  Table  2. 


TABLE  1.  PROPOSED  RFP  REQUIREMENTS 


PROPOSED  RFP  TOPIC 

REQUIREMENT 

High  Speed  Dash 

Mach  =  0.70-0.85 

Loiter 

4.5  hrs  at  250  NM  from  Carrier 

Mission  Cycle  Time  (no  refuel) 

5.75  hours 

Mission  Cycle  Time  (refuel) 

7.50  hours 

Detection  Antenna 

Existing  24-Foot  Rotodome 

Propulsion 

Turbofan 

Escape  System 

Ejection 

Maximum  T/0  Weight 

60,000  lbs. 

Carrier  Suitability 

Total  Compatibility  w/  CVN-68  and 
Subsequent 

Carrier  Launch 

0  Knots  Wind  Over  Deck  (WOD) 

Carrier  Arrestment 

0  Knots  WOD 

Single  Engine  Waveoff 

500  ft./min.  minimum 

Weight  Growth 

4000  lbs.  minimum 

Limit  Load  Factor 

3.0  g’s 

Self  Defense 

2  Missiles,  Chaff,  Flares 

Cockpit 

High  Visibility  for  Ship  OPS 

3 


Figure  1 .  AEW  Mission  Profile 

It  should  be  noted  that  some  of  the  performance  parameters  presented 
in  the  Mach  number,  Distance,  and  Time  columns  in  Table  2,  are  approximated 
based  on  historical  trends  and  past  experience.  A  more  detail  estimation  of 
performance  is  provided  in  Chapter  V. 
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TABLE  2.  MISSION  PARAMETERS 


PHASE 

nn 

ALTITUDE 

(FT) 

DIS¬ 

TANCE 

(NM) 

TIME 

TOTAL 

TIME 

POWER 

0 

0 

- 

0+20 

0+20 

Idle 

0.3 

0 

- 

- 

- 

Mil 

Accel/Climb 

0.5 

0-35,000 

35 

0+20 

0+40 

High  Speed 
Dash 

0.78 

35,000 

250 

0+30 

1+10 

mm 

Loiter 

0.45 

35.000 

- 

4+30 

5^40 

AR 

Descent 

0.7 

35,000- 

5,000 

35 

0+10 

5+50 

Idle 

Recovery 

0.7- 

0.2 

5,000-0 

0+15 

6+05 

AR 

Also  note  that  by  choosing  a  specific  Mach  number  for  the  high  speed 
dash  phase,  the  first  design  decision  was  made.  The  Mach  number  range 
given  in  the  Proposed  RFP  was  too  broad.  The  upper  end  of  the  Mach  number 
range  seemed  a  little  too  high  {M=0.85),  particularly  from  the  standpoint  of  drag 
divergence.  On  the  other  hand,  the  lower  end  of  the  range  (M=0.70)  seemed  a 
little  too  low  from  the  standpoint  of  design  technology.  It  was  decided  that  a 
mid-range  Mach  number  (M=0.78)  was  the  maximum  realistic  speed  to  which 
this  AEW  aircraft  could  be  designed. 


B.  DESIGN  STRATEGY 

As  previously  mentioned,  the  primary  purpose  of  this  research  was  to 
provide  a  first  iteration  on  a  conceptual  design  only.  As  such,  the  areas  of 
research  are  directly  proportional  to  the  areas  of  emphasis  given  m  the 
Proposed  RFP.  The  focus  of  this  research  will  be  on  the  aircraft  configuration 
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and  the  resulting  aerodynamics.  Performance  and  Stability  &  Control  will  also 
be  discussed  briefly.  Some  of  the  topics  addressed  in  preliminary  design  books 
such  as  References  (1)  and  (2)  are  outside  the  scope  of  this  research.  Such 
topics  include  propulsion,  structures,  and  cost  analysis.  A  more  complete 
design  effort  is  possible  only  after  an  entire  design  team  is  assembled. 

The  primary  objective  during  the  design  process  was  to  remain  focused  on 
what  the  customer  (NAVAIRSYSCOM)  might  desire  in  a  AEW  aircraft.  This 
design  approach,  known  as  Quality  Function  Deployment  (QFD),  seems 
obvious  but  is  a  new  concept  to  most  design  teams.  QFD  will  be  discussed  in 
detail  in  Chapter  II. 

In  order  to  avoid  "reinventing  the  wheel”  and  to  keep  costs  down, 
characteristics  of  proven  aircraft  with  similar  missions  (i.e.,  E-2C,  S-3A,  EA-6B) 
were  evaluated,  and  integrated  into  this  AEW  aircraft  design.  The  overall 
philosophy  was  to  keep  the  AEW  aircraft  design  as  simple,  and  as  conventional 
as  possible.  Design  techniques  and  equations  were  used  in  accordance  with 
conventional  design  books  such  as  References  (1)  and  (2).  Also,  computer 
programs  such  as  MATLAB  and  EXCEL  were  used  as  much  as  possible  to 
rapidly  complete  future  iterations.  The  programs  are  included  as  appendices. 
The  equations  in  each  computer  program  are  referenced  with  the  appropriate 
book  and  equation  number,  in  order  to  assist  any  follow-on  work  to  this  thesis. 
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II.  PRE-DESIGN  ANALYSIS 


It  is  widely  understood  that  the  further  along  a  product  is  in  its  design 
process,  the  less  design  freedom  the  engineer  enjoys.  Therefore  before  any 
design  process  begins,  it  is  imperative  that  the  customer’s  desires  and 
parameter  constraints  be  thoroughly  analyzed.  This  chapter  will  examine  the 
specifics  of  QFD,  and  the  constraints  placed  on  the  AEW  aircraft. 

A.  QUALITY  FUNCTION  DEPLOYMENT  (QFD) 

Because  of  the  present  realities  of  fierce  global  competition,  major 
companies  throughout  the  world  are  searching  for  creative  ways  to  produce 
high  quality  products  at  competitive  prices.  For  governments  on  tight  budgets, 
the  commitment  to  high  quality  and  low  cost  has  also  become  increasingly 
important.  The  results  of  these  realities  have  been  numerous  quality-based 
management,  engineering,  and  design  philosophies.  Some  of  these 
philosophies  include  Deming’s  Total  Quality  Management  (TQM),  Taguchi’s 
Parameter  Design  Method,  and  Mitsubishi’s  Quality  Function  Deployment 
(QFD).  It  has  been  these  kinds  of  quality-oriented  philosophies  that  have  made 
Japanese  industries  so  successful.  Because  these  strategies  are 
complementary,  the  more  general  term  of  QFD  will  be  used  for  the  purpose  of 
this  discussion. 
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As  noted  in  Reference  (3),  it  is  extremely  difficult  (and  costly)  to  implement 
quality  into  a  product  that  has  already  been  designed.  Therefore  in  order  to 
design  a  quality  product,  it  is  imperative  that  before  a  preliminary  design 
process  begins,  sufficient  time  must  be  spent  on  the  issue  of  product  quality. 
From  the  standpoint  of  QFD,  the  answer  to  the  question  "What  is  Quality?”  is 
simple-quality  is  providing  what  the  customer  wants!  Reference  (4)  provides  a 
more  formal  definition--“Quality  is  the  loss  a  product  causes  to  society  after 
being  shipped,  other  than  any  losses  caused  by  its  intrinsic  functions”.  The 
purpose  of  QFD  is  to  investigate  what  the  customer  wants  in  detail,  and  then 
translate  those  desires  into  engineering  and  design  decisions. 

The  result  of  implementing  QFD  speaks  for  itself.  As  Reference  (5)  points 
out,  Toyota  Auto  Body  reduced  costs  by  61%  after  implementing  QFD. 
Reference  (6)  notes  that  an  unspecified  Japanese  automaker  with  QFD  takes 
32  months  from  first  design  to  finish  a  car,  while  it  takes  60  months  for  a  U.S. 
automaker  without  QFD!  These  results  were  accomplished  because  of  a 
commitment  to  begin  the  design  process  only  after  extensive  customer  research 
was  completed.  Qnce  the  design  process  was  underway,  the  need  for  design 
changes  became  almost  non-existent,  because  the  customer’s  desires  were 
already  known.  Figure  2  is  reproduced  from  Reference  (5)  and  graphically 
illustrates  the  difference  in  the  design  philosophies  between  two  automobile 
companies.  The  lesson  to  be  learned  is  ciear-if  more  time  and  money  are 
spent  investigating  customer  desires  before  the  design  process  begins,  more 
time  and  money  will  be  saved  in  the  long  run.  and  product  quality  will  be  higher. 
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Figure  2.  Results  of  QFD  (Ref.  5) 

In  terms  of  an  AEW  aircraft  design,  a  preliminary  QFD  analysis  was 
performed  based  on  the  customer’s  (NAVAIRSYSCOM's)  perceived  desires 
expressed  in  the  Proposed  RFP.  These  desires,  commonly  referred  fo  as 
Customer  Attributes  (CAs),  were  then  numerically  prioritized  in  accordance  with 
the  relative  importance  given  them  in  the  Proposed  RFP.  Based  on  the 
customer  attributes  and  their  relative  importance,  a  House  Of  Quality  (HOO)  was 
constructed.  The  HOQ  is  a  matrix-type  figure  that  puts  customer  attributes  into  a 
format  that  is  usable  by  both  engineering  and  management.  The  HOQ  is  shown 
in  Figure  3. 

Several  items  should  be  mentioned  in  the  construction  and  use  of  fhe 
HOQ.  As  was  previously  mentioned,  CAs  were  ranked  according  to  the  relative 
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importance  given  them  in  the  Proposed  RFP.  The  Relative  Importance  (Rl)  is  an 
integral  part  of  the  HOQ  because  it  is  a  constant  reminder  to  both  management 
and  engineering  of  their  priorities.  The  Rl  is  a  major  tool  for  making  design 
decisions. 
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Figure  3.  House  of  Quality 
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Note  that  Figure  3  shows  CAs  vs.  Engineering  Characteristics  (ECs).  The 
CAs  can  be  considered  the  “what”  portion  of  the  HOQ  while  the  ECs  can  be 
thought  of  as  the  “how"  portion.  This  is  because  the  CAs  communicate  what 
needs  to  be  accomplished  while  the  ECs  tell  us  how  they  can  be 
accomplished.  Reference  (5)  points  out  that,  “Engineering  Characteristics 
should  describe  the  product  in  measurable  terms  and  should  directly  affect 
customer  perceptions".  Thrust-to-Weight  ratio  (T/W)  for  example,  is  clearly 
measurable  and  it  will  directly  affect  how  the  customer  perceives  the  product  in 
terms  of  its  performance  characteristics.  Also  note  that  shown  with  each  EC  is  a 
plus  or  minus  sign.  This  communicates  to  the  engineer  what  should  ideally  be 
accomplished  with  a  particular  EC.  For  example,  the  Weight  EC  is  followed  by  a 
minus  sign  because  the  objective  is  to  keep  weight  as  low  as  practical. 

The  central  matrix  portion  of  Figure  3  is  the  primary  vehicle  in  which  CAs 
and  ECs  communicate.  As  Reference  (5)  notes,  it  is  in  this  central  matrix  that 
ECs  that  affect  particular  CAs  are  identified,  and  relationships  between  them 
are  established.  For  example,  there  is  a  positive  relationship  between  low 
Weight  (EC)  and  maximum  Endurance  loiter  (CA).  In  other  words,  all  other 
things  being  constant,  the  lower  the  weight  the  longer  the  loiter  time.  Once  this 
matrix  is  completed,  the  engineer  will  have  a  better  idea  of  how  to  proceed  m 
terms  of  the  design  process. 

Another  significant  part  of  the  HOQ  is  the  characteristic  roof.  The  roof  is 
used  to  establish  relationships  between  various  ECs.  For  example,  there  is  a 
negative  relationship  between  low  weight  and  higher  Fuel  Volume.  Like  the 


central  matrix,  the  completed  roof  helps  the  engineer  make  the  necessary 
decisions  in  the  design  process,  by  balancing  these  relationships. 

The  HOQ  shown  in  Figure  3  is  only  the  first  in  a  series  of  four  or  more 
HOQs  that  can  be  used  to  communicate  the  customer's  desires  through  to  the 
actual  manufacturing  process.  Figure  4  is  reproduced  from  Reference  (5)  and 
shows  an  example  of  how  these  HOQs  might  be  related  and  how  CAs  trigger  a 
series  of  decisions  made  through  to  manufacturing.  Note  that  the  "how"  portion 
of  each  HOQ  becomes  the  "what"  portion  of  the  next  HOQ.  The  subsequent 
HOQs  in  the  series  would  necessarily  be  generated  after  future  iterations  in  the 
design  process.  It  is  difficult  for  example,  tc  examine  the  characteristics  of 
specific  parts  while  still  in  the  conceptual  phase. 


Figure  4.  Linked  HOQs  [Ref.  5] 


It  should  be  emphasized  that  the  HOQ  shown  in  Figure  3  is  preliminary.  It 
is  based  on  the  preliminary  requirements  given  in  the  Proposed  RFP,and  is 
primarily  used  for  setting  design  priorities.  Before  the  AEW  aircraft  design  goes 
beyond  the  conceptual  phase,  detailed  marketing  research  should  be 
conducted  to  investigate  what  the  customer  wants.  The  research  should 
include  a  survey  of  all  the  customers  including  NAVAIRSYSCOM,  aircrew,  and 
maintenance  personnel.  The  research  should  be  a  study  of  likes  and  dislikes  of 
even  the  smallest  details  of  an  AEW  aircraft.  For  example,  questions  on  the 
operation  of  the  external  door,  or  the  location  of  a  parking  brake,  etc.,  should  be 
included  when  questioning  customers.  This  research  would  then  generate 
many  series  of  HOQs. 

The  QFD  strategy  cannot  be  overemphasized  in  the  aircraft  design 
process.  Although  the  process  may  seem  time  consuming  and  wasteful  at  first, 
a  properly  implemented  QFD  program  will  result  in  enormous  long  run  benefits 
to  both  the  aircraft  company  and  the  customer.  Within  the  scope  of  this 
research,  only  aircraft  companies  with  fully  implemented  QFD  programs  should 
be  considered  for  development  of  the  AEW  aircraft. 

B.  CONSTRAINT  ANALYSIS 

Before  the  actual  design  process  can  begin,  it  is  necessary  to  evaluate  two 
of  the  aircraft’s  characteristics.  These  characteristics  are  T/W  and  Wing 
Loading  (W/S).  A  series  of  performance  equations  may  be  derived  in  which 
T/W  is  expressed  as  a  function  of  W/S.  These  equations  are  derived  m 


Reference  (7).  Equation  constants  are  obtained  from  performance 
characteristics  provided  in  the  Proposed  RFP,  For  a  range  of  W/S,  a  range  of 
T/W  may  be  generated  for  each  equation.  The  equations  are  then  graphed  on  a 
single  constraint  plot.  The  plot  graphically  depicts  a  solution  space.  Any  T/W- 
W/S  combination  may  be  selected  within  that  space.  Obviously,  some  T/W-W/S 
combinations  will  be  better  than  others.  For  example,  suppose  a  constraint 
analysis  on  an  aircraft  reveals  that  lowest  T/W  in  the  solution  space  is  0.25. 
This  means  the  aircraft  can  perform  the  required  mission  at  a  T/W  =  0.25.  It 
would  be  illogical  to  choose  a  T/W  =  0.50  even  though  it  is  also  within  the 
solution  space.  It  should  be  noted  that  although  the  constraint  plot  is  primarily  a 
pre-design  tool,  it  may  be  used  throughout  the  design  process.  As  more 
knowledge  of  the  design  is  known,  more  exact  iterations  of  the  constraint  plot 
may  be  generated.  It  should  also  be  pointed  out  that  the  constraint  analysis 
need  not  be  limited  to  performance  equations  only.  For  example,  if  a  valid 
expression  for  maintainability  in  terms  of  T/W  and  W/S  is  found,  it  should  also 
be  included  as  part  of  the  constraint  analysis. 

In  order  to  keep  future  iterations  simple,  a  computer  program  was  written  in 
MATLAB,  based  on  the  performance  equations  derived  in  Reference  (7).  The 
complete  program  is  included  as  Appendix  B.  All  equations  in  Reference  (7) 
applicable  to  the  AEW  mission  were  used  with  the  exception  of  takeoff  and 
landing  performance.  Expressions  presented  in  Reference  (l)  were  used  for 
takeoff  and  landing  performance  because  of  their  simplicity  and  their  more 
conservative  results.  Performance  equation  constants  were  obtained  from 


performance  characteristics  provided  in  the  Proposed  RFP  and  from  a  baseline 
knowledge  of  the  AEW  mission.  The  results  of  the  AEW  constraint  analysis  is 
shown  in  Figure  5. 


KEY  l)HlghSpeedDashatM=0  78&35Krt  -=> 

2)  Max  Endurance  at  M=0  45  &  35K  ft,  ==> 

3)  Constant  Speed  Climb  at  M=0  41  &  15K  ft  ==>  x  x 

4)  Sustained  g' Turn  at  2g  s  &  20K  ft  ==>  ♦ 

5)  Level  Accel  Run  at  35K  ft.  ==>  o  o 

6)  Takeoff  Performance  (Nicolai)  ==> 

7)  Landing  Performance  (Nicolai)  ==>  T 

8)  Maintainability  (MMH/EH=30)  ==>  / 


Figure  5.  AEW  Constraint  Analysis 


The  solution  space  is  the  outlined  upper  center  portion  of  the  graph.  Note 
the  relatively  flat  bottom  of  the  solution  space.  This  flat  bottom  is  most  fortuitous 
because  it  allows  a  certain  degree  of  design  freedom.  For  a  relatively  low 


T/W  of  0.46,  a  W/S  anywhere  between  55  and  116  Ibs/ft2  can  be  chosen. 
Because  of  wing  area  limitations  for  carrier  operations  however,  the  W/S  for  an 
aircraft  of  this  size  is  typically  between  70  and  1 16  Ibs/ft2 

Also  note  that  the  constraint  plot  includes  a  maintainability  line.  The  line  is 
the  result  of  a  equation  derived  in  an  unpublished  paper  by  C.F.  Newberry.  The 
equation  is  the  result  of  a  linear  curve  fit  of  data  from  25  different  aircraft.  It 
should  be  noted  that  there  are  limitations  in  the  application  of  this  equation. 
First,  none  of  the  aircraft  for  which  data  was  supplied  are  Navy  aircraft.  Navy 
aircraft  traditionally  have  different  Mean  Man  Hours/Flight  Hour  (MMH/FH)  rates 
than  other  aircraft.  Second,  a  general  trend  should  not  be  assumed  using  25 
very  different  aircraft.  These  aircraft  ranged  from  T-38's  to  747’s.  Although  the 
validity  of  the  maintainability  line  may  be  suspect,  it  should  be  investigated  in 
greater  detail,  using  a  larger  database  of  aircraft  similar  to  the  aircraft  being 
designed.  The  current  maintainability  equation  may  be  used  in  the  constraint 
analysis,  but  only  as  long  as  its  impact  is  integrated  in  a  reasonable  fashion. 


III.  AEW  CONFIGURATION 


This  chapter  will  discuss  the  initial  conceptual  design  for  the  AEW  aircraft. 
A  description  of  the  aircraft  will  be  provided  along  with  the  rationale  behind 
various  design  decisions.  An  initial  weight  &  balance  evaluation  will  also  be 
discussed.  Finally,  an  analysis  of  the  AEW  aircraft  with  various  carrier  suitability 
requirements  will  be  performed. 

A.  AIRCRAFT  DESCRIPTION 

1 .  Introduction 

The  purpose  of  this  section  is  to  provide  a  brief  description  of  the 
external  aircraft  configuration,  and  to  provide  justification  for  some  design 
choices.  Not  all  configuration  characteristics  of  the  aircraft  will  be  discussed  in 
this  section  however.  Aircraft  characteristics  directly  related  to  aerodynamics 
will  be  discussed  in  Chapter  IV.  These  characteristics  include  planform 
selection,  airfoil  selection,  and  high  lift  devices. 

2.  General 

The  AEW  aircraft  design  is  shown  in  Figure  6.  The  aircraft  is  designed 
to  hold  a  crew  of  four  and  will  be  powered  by  twin  turbofan  engines.  Crew 
seating  will  be  arranged  in  a  dual-tandem  configuration.  Large  cockpit 
windows  will  allow  better  visibility  for  carrier  (CV)  launch  and  recovery 
operations.  The  rotodome  antenna  will  be  supported  by  the  existing  rotodome 


pylon.  Also,  in  order  to  satisfy  CV  requirements,  the  rotodome  retraction  system 
that  was  operational  on  early  E-2’s  must  be  used.  Twin  vertical  stabilizers  will 
be  mid-mounted  at  either  end  of  the  horizontal  stabilizer.  A  total  fuel  weight 
estimate  of  14000  pounds  was  based  on  fuel  volume  calculation  procedures  set 
forth  in  Reference  (8).  It  should  be  noted  that  this  iteration  of  the  aircraft  design 
includes  no  composite  materials.  Significant  aircraft  dimensions  are  presented 
in  Table  3. 

3.  Specific  Component  Description 
a.  Engines 

Although  a  detailed  study  of  the  propulsion  system  was  outside 
the  scope  of  this  design  effort,  an  initial  analysis  of  the  requirea  engine 
performance  was  made.  In  order  to  meet  the  mission  requirements  of  high¬ 
speed  dash  and  long  time  loiter,  it  is  clear  that  a  high-bypass  turbofan  engine 
with  a  low  Thrust  Specific  Fuel  Consumption  (TSFC)  is  required.  Assuming  an 
initial  takeoff  weight  of  approximately  55.000  lbs.  and  a  TA/V  =  0.46,  the  thrust 
per  engine  requirement  is  approximately  12,700  lbs.  As  shown  in  Reference 
(9),  the  technology  for  such  an  engine  already  exists.  Two  operational  engines 
with  characteristics  similar  to  those  required  for  the  AEW  aircraft,  are  presented 
in  Table  4.  Further  design  iterations  should  include  an  investigation  into  the 
feasibility  of  using  an  upgraded  version  of  the  General  Electric  (GE)  TF34-GE- 
400A  engine  in  the  AEW  aircraft. 


TABLE  3.  AEW  AIRCRAFT  DIMENSIONS 


CHARACTERISTIC 

DIMENSION 

Body  Length 

55  ft. 

Body  Diameter 

8  ft. 

Body  Fineness  Ratio  (L/D) 

6.875 

Wing  Span 

72  ft. 

Wing  Area 

639  ft2 

Wing  Loading  (W/S) 

Approx.  85  Ib/ft2 

Wing  Sweep  (leading  edge) 

21  degrees 

Wing  Thickness  Ratio  (t/c) 

0.12 

Wing  C  mac 

9.77  ft. 

Wing  Aspect  Ratio 

8.11 

Wing  Taper  Ratio 

0.29 

Horizonal  Tail  Area 

180  ft2 

Horizonal  Tail  Sweep 

14  degrees 

Elevator  Area 

47  ft2 

Vertical  Tail  Area 

90  ft2 

Vertical  Tail  Sweep 

26.6  degrees  upper,  36.9  degrees 
lower 

Rudder  Area 

60  ft2 

Empennage  t/c 

0.10 

TABLE  4.  SIMILAR  ENGINE  CHARACTERISTICS 


Engine 

Maker 

Type 

Thrust 

(lbs.) 

TSFC 

1 

Pressure 
Ratio  1 

Dimen¬ 

sions 

(Dia.xL) 

Weight 

(lbs.) 

General 

Electric 

AFFa 

9.275 

0.363 

21 

52in.  X 
lOOin. 

1,478 

FJR-710- 
/600S  4 

Nat.  Aero. 
Lab 
Tokyo 

AFFa 

14,330 

0.340 

22 

57.1in.  X 
92.5in. 

2,160 

Notes;  1-  At  Maximum  Power 


2-  S-3A  Aircraft 

3-  Axial  Flow  Fan 

4-  NAL/Kawasaki  Aircraft 


20 


The  engines  should  be  mounted  closely  to  the  wing  for  two 
reasons.  First,  exhaust  flow  through  the  slotted  trailing  edge  flaps  will  help 
reattach  the  airflow  over  the  wing,  thereby  increasing  CLmax-  Second,  an 
engine  mounted  closely  underneath  the  wing  is  further  from  the  ground,  and 
therefore  less  likely  to  ingest  foreign  objects.  This  would  result  in  fewer  engine 
replacements  and  lower  life  cycle  costs. 

b.  Vertical  Tail 

As  previously  mentioned,  the  empennage  will  include  two  vertical 
stabilizers.  The  maximum  height  of  the  vertical  stabilizers  were  modeled  after 
the  E-2C  in  an  effort  to  keep  the  tails  from  interfering  with  the  look-down 
capability  of  the  rotodome  antenna.  Each  vertical  stabilizer  will  include  a  rudder 
control  surface.  It  should  be  noted  that  if  future  iterations  mandate  higher 
vertical  tails,  maximum  use  of  composites  will  be  necessary  to  avoid  antenna 
interference. 

c.  Aircraft  Entry 

Aircraft  ingress  will  be  accomplished  through  a  single  door  in  the 
fuselage.  A  walkway  will  allow  movement  between  the  door  and  the  cockpits. 
The  major  advantage  of  this  configuration  is  flexibility.  The  walkway  will  allow 
the  crew  to  move  freely  throughout  the  aircraft  to  troubleshoot  avionics  systems, 
switch  seats,  etc.  Consideration  may  be  given  to  a  canopy  system  similar  to  that 
currently  operating  in  the  EA-6B.  The  canopy  arrangement  was  initially  ruled 
out  in  this  study  due  to  potential  engineering  difficulty,  increased  life  cycle  costs, 
and  lack  of  flexibility. 
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d.  Wing  Fold  System 

The  first  wing  fold  will  be  at  15  feet  from  the  aircraft  centerline. 
This  will  result  in  a  maximum  wing  fold  span  of  30  feet.  This  wing  fold  span  is 
within  the  maximum  requirement  of  35  feet  and  will  allow  easy  storage  of 
aircraft  on  the  flight  deck.  The  wings  are  intended  to  fold  vertically  up.  At  the 
completion  of  this  vertical  fold,  the  wing  tip  will  physically  interfere  with  the 
rotodome  antenna.  Therefore  a  second  wing  fold  at  30  feet  from  the  centerline 
is  required.  Dashed  lines  denote  the  wing  fold  breaks  in  Figure  6.  The 
horizontal  wing  fold  system  which  currently  operates  on  the  E-2C  was  ruled  out 
for  two  reasons.  First,  horizontally  folded  wings  create  a  large  sail  area.  When 
the  aircraft  taxis  perpendicular  to  the  wind  on  the  carrier  deck,  it  tends  to  get 
blown,  resulting  in  lose  of  control.  Second,  it  is  clear  from  the  geometry  of  this 
AEW  design  that  the  wingtip  of  a  horizontally-folded  wing  would  not  reach  a 
wing  support  on  the  horizonal  tail  tip. 

e.  Armament 

The  aircraft  is  designed  to  accommodate  one  wing  station  on  each 
wing  at  approximately  14  feet  from  the  centerline.  Each  wing  station  should  be 
capable  of  carrying  an  air-to-air  missile  of  500  pounds.  Although  use  of  the 
AIM-7  Sparrow  missile  was  alluded  to  in  the  Proposed  RFP,  this  is  not 
recommended.  Use  of  the  AIM-7  would  require  the  aircraft  to  possess  a  high- 
energy,  target  illumination  capability.  The  new  generation  of  “fire-and-forget” 
air-to-air  missiles  such  as  AMRAAM  and  Have-Dash  are  much  more  suitable  for 
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the  AEW  aircraft.  No  target  illumination  is  required  for  these  missiles.  Updated 
target  information  is  provided  via  data  link. 

f.  Landing  Gear 

A  landing  gear  analysis  was  performed  based  on  procedures  set 
forth  in  Reference  (2).  The  aircraft  will  use  a  standard  tricycle  system. 
Longitudinal  placement  of  the  main  gear  was  determined  by  an  estimated 
center  of  gravity  location.  Lateral  placement  of  the  main  gear  was  determined 
by  a  maximum  overturn  angle  requirement  of  54  degrees.  The  wheelbase  will 
be  26  feet  long  and  the  main  wheel  width  will  be  20  feet.  The  nose  gear  will 
have  a  dual-wheel  configuration.  The  nose  gear  will  retract  aft  into  the 
fuselage.  Each  of  the  main  landing  gear  will  be  a  single-wheel  configuration 
and  will  also  retract  aft  into  the  fuselage.  Approximate  tire  dimensions  are  25  in. 
X  7  in.  (diameter  x  width)  for  the  nose  and  45  in.  x  17  in.  for  the  main.  These 
dimensions  are  approximately  25%  greater  than  the  statistical  equation 
proposed  by  Reference  (2).  This  dimensional  increase  is  to  account  for  the 
harsh  landing  environment  of  the  aircraft  carrier.  The  25%  dimension  increase 
corresponds  well  with  the  tire  sizes  of  current  carrier  aircraft. 

g.  Escape  System 

The  Proposed  RFP  requires  the  installation  of  an  all-crew  ejection 
system  in  the  AEW  aircraft.  This  requirement  has  resulted  in  many  difficulties  in 
the  design  of  the  escape  system.  These  difficulties  are  obviously  the  result  of 
the  rotodome.  An  approximate  trajectory  of  the  aircrew  on  ejection  is  shown  in 
Figure  7  for  three  flight  conditions.  An  ejection  trajectory  computer  program  was 
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written  in  MATLAB  and  is  included  as  Appendix  C.  The  parabolic 
approximation  is  based  on  an  ejection  analysis  presented  in  Reference  (10). 
The  identical  pair  of  trajectories  represent  the  front  seat  and  back  seat  ejections. 
The  diamond  figure  represents  the  location  of  the  rotodome  antenna. 

It  is  obvious  from  the  Figure  7  that  the  ejection  system  will  result  in 
aircrew  impact  with  the  rotodome.  A  bottom  or  sideways  ejection  would  require 
development  of  a  new  ejection  system,  and  obviously  could  not  provide  a  0/0 
ejection  capability.  After  an  examination  of  various  aircrew  and  rotodome 
placements,  it  became  apparent  that  with  today’s  technology,  there  are  no  safe 
ejection  alternatives  with  the  rotodome  installed. 

Ejection  of  the  rotodome  prior  to  crew  ejection  also  has  significant 
problems.  The  rotodome  antenna  alone  (not  including  the  supporting  pylon 
and  shaft)  weighs  2350  pounds.  In  order  to  get  the  crew  out  of  the  aircraft 
quickly,  the  rotodome  would  have  to  be  ejected  with  a  typical  acceleration  of 
approximately  12g’s.  This  would  require  a  series  of  rockets  that  would  have  to 
generate  a  combined  force  of  over  28000  pounds.  These  rockets  would  most 
likely  have  to  be  very  large  in  order  to  provide  such  a  force.  It  is  unlikely  that  the 
rockets  would  fit  into  a  supporting  pylon  that  is  only  approximately  one  foot 
wide. 

Additionally,  it  is  obvious  that  the  rockets  would  have  to  be  directly 
attached  to  the  rotodome.  This  means  they  would  rotate  with  the  rotodome. 
This  means  there  would  be  no  way  to  direct  the  trajectory  of  the  rotodome, 
because  it  must  be  ejectable  at  any  time  during  the  rotation.  Therefore,  the 
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rockets  would  have  to  be  of  equal  propulsive  force.  During  certain  flight 
conditions,  including  a  0/0  ejection,  the  crew  would  still  be  in  danger  of  ejecting 
into  the  rotodome. 


KEY  I )  M=0  76  at  5000  ft  ==> 

2)  M=0  48  at  5000  ft  ==>  — ’ 

3)  M=0  20  at  sea  level  ==>  '++' 


Figure  7.  Aircrew  Ejection  Trajectory 

Ejecting  the  entire  rotodome  structure  would  eliminate  the 
controlled  trajectory  problem,  but  would  generate  other  problems.  Now  the 
rockets  would  have  to  generate  a  combined  force  of  over  38000  pounds.  The 
rockets  under  the  forward  supports  would  most  likely  ignite  the  fuel  in  the  fuel 
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cells  directly  below.  The  resulting  explosion  would  jeopardize  the  lives  of  the 
aircrew  during  ejection. 

Two  final  points  are  worth  mentioning.  First,  the  new  technology 
and  the  resulting  developmental  costs  of  ejecting  a  rotodome  will  likely  be 
enormous.  Second,  any  further  investigation  into  rotodome  ejection  should 
necessarily  include  an  examination  of  how  the  pitching  moments  about  the 
center  of  gravity  are  affected  . 

B.  WEIGHTS,  CENTER  OF  GRAVITY,  AND  MOMENTS  OF 
INERTIA 
1 .  Weights 

An  evaluation  of  the  AEW  aircraft  weight  was  performed  using  the 
individual  component  equations  given  in  References  (1)  and  (8).  A  computer 
program  was  written  on  MATLAB  using  the  applicable  equations.  Many  of  the 
equations  represented  individual  weight  components  as  a  function  of  takeoff 
weight.  Since  the  determination  of  the  takeoff  weight  was  the  ultimate  objective, 
the  program  uses  a  secant  method  iteration  procedure  to  find  the  takeoff  weight. 
The  weight  program  is  included  as  Appendix  D.  In  order  to  assure  the  accuracy 
of  the  program,  a  weight  analysis  on  the  E-2C  was  performed.  It  was  found  that 
the  program  prediction  came  within  300  pounds  of  the  actual  E-2C  weight.  The 
program  was  then  used  to  analyze  the  weight  of  the  AEW  aircraft.  The 
predicted  weight  was  found  to  be  approximately  53000  pounds  which  is 
comparable  to  the  E-2C  weight  and  well  within  the  maximum  requirement  of 
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60000  pounds.  The  aircraft  possesses  a  7000  pound  weight  growth  potential 
for  future  avionics  upgrades. 

2.  Center  of  Gravity  and  Moment  of  Inertia 

Component  weights  calculated  from  the  weight  program  were  used  to 
approximate  the  aircraft’s  Center  of  Gravity  (CG)  and  Moment  of  Inertia. 
Component  CG  locations  were  approximated  based  on  procedures  set  forth  in 
References  (1).  (2),  and  (8).  Component  Moment  of  Inertia  values  were 
calculated  in  accordance  with  procedures  set  forth  in  References  (2).  The 
component  characteristics  were  used  to  calculate  aircraft  CG  and  Moment  of 
Inertia  values.  All  calculations  were  performed  on  a  computer  program  written 
on  EXCEL.  The  computer  program  was  acquired  from  Reference  (11).  The 
computer  program  and  the  results  of  this  program  are  included  as  Appendix  E. 
An  initial  approximate  CG  location  is  32.4  feet  aft  from  5  forward  of  the  nose 
(approximately  48.6%  MAC),  and  10.9  feet  up  from  5  feet  below  the  fuselage. 
More  detailed  CG  and  Moment  of  Inertia  calculations  will  obviously  be 
necessary  with  future  iterations  of  the  design. 

C.  CARRIER  SUITABILITY  REQUIREMENTS 

Carrier  suitability  dimensional  requirements  and  the  significant  AEW 
aircraft  dimensions  are  shown  in  Table  5. 
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TABLE  5.  CARRIER  SUITABILITY  DIMENSIONAL  COMPARISON 


DIMENSION 

REQUIREMENT 

AEW  AIRCRAFT 

Max.  Gross  Weight 

60000  lbs. 

53000  lbs. 

Max.  Wing  Span 

82  ft. 

72  ft. 

Max.  Height 

18.5  ft. 

18.5  ft.  (rotodome 
retracted) 

Max.  Main  Gear  Width 

22  ft. 

20  ft. 

Min.  Tipback  Angle 

15  deg. 

20  deg. 

Max.  Tipover  Angle 

54  deg. 

52.5  deg. 

Elevator  Size  Restriction 

52  X  85  ft. 

55  X  30  ft. 
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IV.  AERODYNAMICS 


In  order  to  get  maximum  effectiveness  from  an  airframe  and  its  propulsion 
system,  a  thorough  examination  of  the  aircraft’s  aerodynamic  characteristics 
during  the  design  process  is  mandatory.  This  chapter  will  examine  the  design 
decisions  involved  in  selecting  the  AEW  aircraft’s  airfoil  and  wing  planform. 
Additionally,  the  aircraft’s  lift  curve  slope  and  high  lift  devices  will  be  discussed. 
Finally,  an  analysis  of  the  aircraft’s  drag  characteristics  will  be  presented. 

A.  AIRFOIL  SELECTION 

Because  of  the  Proposed  RFP  requirements,  the  AEW  aircraft  will  be 
expected  to  operate  under  a  variety  of  flight  conditions.  It  must  be  able  to  cruise 
at  high  subsonic  speeds,  loiter  for  long  periods  of  time,  and  possess  carrier- 
suitable,  slow  flight  characteristics.  In  order  to  meet  these  requirements,  the 
wing’s  airfoil  must  possess  several  seemingly  contradictory  characteristics. 
The  airfoil  should  have  a  relatively  high  thickness  ratio  in  order  to  increase 
CImax.  increase  benefit  from  high  lift  devices,  decrease  weight,  and  increase 
wing  fuel  storage  capacity.  If  the  wing  is  too  thick  however,  the  drag  divergent 
Mach  number  (Mdd)  will  be  too  low  to  satisfy  the  high  speed  dash  requirement. 
An  increase  in  Mdd  could  be  accomplished  through  an  increase  in  wing  sweep, 
but  this  generates  additional  problems  which  will  be  discussed  in  the  next 
section.  The  airfoil  must  also  have  a  high  CImax  for  the  loiter  and  landing 
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phases  of  flight.  Most  high  speed  airfoils  however,  are  not  known  for  their  high 
CImax  values.  Finally,  the  airfoil’s  thickness  distribution  should  be  investigated 
m  terms  of  its  skin  friction  drag  characteristics.  As  Reference  (12)  notes,  a 
maximum  thickness  that  is  close  to  the  trailing  edge  results  in  a  more  favorable 
pressure  gradient  on  the  forward  portion  of  the  airfoil.  This  helps  create  more 
laminar  flow  which  results  in  reduced  skin  friction  drag.  It  should  be  noted 
however,  that  an  aft  maximum  thickness  can  cause  poor  pressure  recovery 
characteristics  at  high  angles-of-attack. 

Based  on  the  above  requirements,  it  became  clear  that  a  supercritical 
airfoil  was  necessary.  A  supercritical  airfoil  is  characterized  by  a  relatively  flat 
upper  surface,  and  a  maximum  thickness  located  near  the  trailing  edge.  It  also 
has  a  relatively  blunt  leading  edge,  and  it  is  cambered  at  the  aft  portion  of  the 
airfoil.  Reference  (13)  notes  that  for  a  given  thickness  ratio,  the  supercritical 
airfoil  has  a  higher  Mdd  than  conventional  airfoils.  This  allows  a  thicker  wing 
and  less  wing  sweep.  Additionally,  the  supercritical  airfoil  has  a  much  higher 
CImax  than  a  comparable  conventional  airfoil.  Finally,  the  thickness  distribution 
and  the  trailing  edge  upper  and  lower  surface  tangency  results  in  a  more 
favorable  pressure  gradient.  The  aft  maximum  thickness  of  the  supercritical 
airfoil  does  not  result  in  pressure  recovery  problems,  because  the  camber  is 
accomplished  primarily  by  the  lower  surface.  This  allows  the  upper  surface  to 
remain  relatively  flat. 

It  should  be  pointed  out  that  use  of  a  supercritical  airfoil  will  not  be  without 
its  difficulties.  First,  the  very  thin  trailing  edge  could  prove  to  be  a  structural  and 
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manufacturing  problem.  Second,  although  the  original  supercritical  airfoil  was 
designed  in  1965,  development  and  testing  of  an  entire  family  of  supercritical 
airfoils  has  been  relatively  recent.  Because  supercritical  airfoils  are  relatively 
new  technology,  development  costs  may  be  high.  Finally,  the  aft  camber  of  the 
airfoil  will  result  in  large  negative  pitching  moments.  Despite  the  potential 
difficulties  however,  the  supercritical  airfoil  shows  the  most  promise  in  terms  of 
satisfying  the  requirements  of  the  Proposed  RFP. 

Initially  it  was  hoped  that  an  airfoil  with  a  thickness  ratio  of  0.14  could  be 
used  for  on  the  aircraft.  Even  with  some  compromise  in  the  wing  sweep,  it  soon 
became  evident  that  a  lower  thickness  ratio  would  be  necessary  in  order  to 
reach  an  acceptable  Mdd-  Experimental  data  presented  in  Reference  (14) 
shows  that  at  a  thickness  ratio  of  0.12  and  a  design  Cl  of  0.7.  the  airfoil  Mdd  is 
approximately  0.76.  A  moderate  wing  sweep  should  permit  reasonably  low 
drag  characteristics  at  the  design  cruise  Mach  number  of  0.78. 

After  an  evaluation  of  the  family  of  NASA  supercritical  airfoils,  it  became 
clear  that  the  best  airfoil  for  the  required  mission  was  the  NASA  SC(2)-0712. 
This  airfoil  is  shown  in  Figure  8.  The  airfoil’s  coordinates  are  reproduced  from 
Reference  (14),  and  is  included  as  Appendix  F.  An  explanation  of  the  NASA 
supercritical  airfoil  designation  system  is  presented  below. 


Supercritical  phase  2.  Design  lift  Thickness 

There  are  currently  3  coefficient  Rato 

phases  of  airfoil  designs.  (tenths)  (hundredths) 
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One  of  the  biggest  difficulties  in  selecting  an  airfoil  was  in  obtaining  the 
specific  airfoil  characteristics.  Because  of  the  relatively  new  technology,  there  is 
no  compiled  source  of  information  for  supercritical  airfoils  (such  as  Reference 
(15)  for  conventional  airfoils).  The  three  sources  that  provided  most  of  the 
information  on  the  airfoil  were  References  (14).  (16)  and  (17)  .  Airfoil 


characteristics  are  presented  in  Table  6. 


TABLE  6.  NASA  SC(2)-0712  CHARACTERISTICS 


«0 

CU 

ClfTiax 

“  max 

Cmo 

-4.37  deg. 

0.08557/deg. 

2,0 

19  deg. 

-0.14 
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B.  PLANFORM  DESIGN 


Given  the  target  cruise  Mach  number  of  0.78  and  the  relatively  thick  airfoil, 
it  was  clear  a  planform  with  significant  wing  sweep  would  be  required.  Too 
much  wing  sweep  however,  generated  numerous  problems  including  a 
decrease  in  CLmax  and  CL»,  increased  wing  weight  and  decreased  wing  fuel 
volume.  Selection  of  the  previously  mentioned  airfoil  was  made  only  after  it 
was  determined  that  a  relatively  high  Mdd  could  be  attained  with  a  modest  wing 
sweep. 

Figures  9  and  10  show  the  results  of  trade  studies  conducted  to  graphically 
illustrate  the  parameters  involved  in  planform  design  and  airfoil  selection. 
Figure  9  shows  Mdd  as  a  function  of  thickness  ratio  with  varying  sweep.  Figure 
10  shows  how  thickness  ratio  and  wing  sweep  affect  wing  weight.  The  results 
of  these  parametric  studies  were  used  to  select  the  optimum  planform  design 
and  airfoil  thickness.  With  an  airfoil  thickness  ratio  of  0.12,  a  leading  edge  wing 
sweep  of  21  degrees  is  the  optimum  choice  considering  all  the  parameters 
involved.  This  results  in  a  wing  Mdd  of  0.81 . 

With  the  leading  edge  wing  sweep  selected,  the  focus  of  attention  was  then 
directed  to  the  trailing  edge  sweep.  A  trailing  edge  sweep  of  6.5  degrees  was 
selected  for  a  first  iteration.  The  relatively  small  sweep  will  insure  efficient  use 
of  flaps  and  aileron  control  surfaces.  The  flatter  trailing  edge  sweep  also  allows 
an  increase  in  wing  area  and  wing  fuel  volume.  With  a  wingtip  chord  length  of 
four  feet  selected  as  a  first  iteration,  and  the  above  planform  characteristics,  a 
wing  area  of  639  ft2  was  calculated. 
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WfcDC  Mdd 


Another  consideration  in  the  planform  design  was  aspect  ratio.  It  was  clear 
that  in  order  to  satisfy  aggressive  loiter  requirements,  a  high  aspect  ratio  would 
be  necessary.  For  a  given  wing  area,  this  would  mean  a  larger  wing  span.  Too 
large  a  wing  span  causes  two  problems  however.  First,  it  would  result  in  line-up 
difficulties  during  carrier  landings.  Second,  the  large  wing  span  would  result  in 
signal  interference  with  the  rotodome  antenna,  degrading  radar  performance. 
The  selected  wing  span  of  72  feet  results  in  a  aspect  ratio  of  8. 11 .  The  resulting 
maximum  L/D  ratio  is  16. 

C.  LIFT  CURVE  SLOPE 

With  the  selection  of  the  wing  planform  design,  a  calculation  of  the  wing’s 
lift  curve  slope  was  then  possible.  Calculations  were  done  in  accordance  with 
the  procedures  set  forth  in  References  (1),  (2)  and  (18).  The  lift  curve  slopes  for 
three  flap  settings  are  shown  in  Figure  11. 

D.  HIGH  LIFT  DEVICES 

In  order  to  make  landing  speeds  slow  enough  to  meet  the  Proposed  RFP 
carrier  suitability  requirements,  a  CLmax  of  approximately  3.0  is  required.  To 
accomplish  this,  double  slotted  flaps  are  necessary.  In  accordance  with  the 
procedures  set  forth  in  Reference  (2),  ACL^ax  and  A«o  values  were  calculated. 
A  maximum  A  CLmax  was  calculated  to  be  0.98. 

Two  design  characteristics  that  will  help  increase  CLmax  with  the  flaps 
down  should  be  mentioned.  First,  engines  should  be  situated  on  the  wing  so 
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that  engine  exhaust  will  flow  through  the  slotted  flaps.  Second,  use  of  a  aileron 
droop  system  with  the  flaps  will  help  increase  the  CL^ax  of  the  entire  wing. 
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Figure  1 1 .  AEW  Lift  Curve  Slope 


E.  PARASITIC  DRAG  CALCULATION 

Parasitic  drag  (CDo)  calculations  were  performed  in  accordance  with 
procedures  set  forth  in  Reference  (18).  A  CDo  computer  program  was  written  in 
MATLAB  and  is  presented  in  Appendix  G.  A  CDo  of  approximately  0.0205  was 
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computed  by  the  program.  This  CDo  value  will  be  used  to  calculate  a  drag  polar 
for  the  AEW  Aircraft. 

F.  DRAG  POLAR 

The  AEW  drag  polar  was  computed  assuming  CD  as  a  parabolic  function 
of  CL.  A  first  iteration  efficiency  factor  of  0.8  was  assumed.  Also,  the  previously 
determined  aspect  ratio  of  8.11  and  CDo  of  0.0205  were  used  in  the  equation 
A  drag  polar  for  the  AEW  aircraft  in  the  clean  configuration  is  shown  in  Figure 
12. 


Figure  1 2.  AEW  Drag  Polar 
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V.  PERFORMANCE 


This  chapter  will  present  the  results  of  a  preliminary  performance  analysis 
conducted  for  the  AEW  aircraft.  This  analysis  was  primarily  performed  using  a 
computer  program  written  in  MATLAB.  The  program  is  presented  in  Appendix 
H,  and  also  includes  some  aerodynamic  calculations  such  as  Coefficient  of 
Drag  (Co)  and  Lift-to-Drag  ratio  (L/D).  A  Takeoff  and  Landing  computer 
program  is  also  included  in  Appendix  H.  Performance  calculations  were  done  in 
accordance  with  References  (1)  and  (19).  The  equations  in  the  programs  are 
denoted  with  the  equation  number  from  the  appropriate  Reference.  For  all 
performance  characteristics,  it  has  been  assumed  standard  day  unless 
otherwise  noted.  Additionally,  all  results  were  generated  for  the  clean 
configuration,  with  the  obvious  exceptions  being  the  takeoff  and  landing  phases 
of  flight. 

A.  Takeoff  and  Landing 

Because  of  the  angle  between  the  aft  landing  gear,  the  vertical  stabilizers 
and  the  ground  (see  Figure  6),  it  is  necessary  to  limit  aircraft  rotation  to  no  more 
than  18  degrees.  This  angle  of  rotation  is  sufficient  however,  because  the 
typical  rotation  on  takeoff  is  approximately  10  degrees.  References  (1),  (2)  and 
(19)  provided  schematics  and  distance  equations  necessary  for  takeoff  and 
landing.  Takeoff  and  landing  schematics  are  shown  in  Figures  13  and  14,  and 
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Takeoff  Distances 

Standard  Day 

Hot  Day  (90T) 

Sg  («) 

1390 

1378 

Sr  (ft) 

555 

555 

SjR  to  50  (ft) 

888 

888 

Sto  total  (^t) 

2833 

2821 

Figure  14.  Landing  Schematic  [Ref.  1] 
TABLE  8.  LANDING  DISTANCES 


Landing  Distances 

Standard  Day 

Hot  Day  (90"F) 

Sa  to  50  (ft) 

1354 

1350 

Sfr  (ft) 

155 

165 

Sb  (ft) 

1982 

2317 

Sl  total  (ft) 

3491 

3832 

B.  Thrust  Required 

The  thrust  required  for  the  AEW  aircraft  at  three  altitudes  between  sea  level 
and  35,000  feet  are  shown  in  Figure  15.  The  calculated  thrust  required  curves 
were  used  to  generate  other  performance  characteristics  such  as  power 
required  and  rate  of  climb. 
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Figure  1 5.  AEW  Thrust  Required 

C.  Power  Required  and  Power  Available 

AEW  Power  Required  and  Power  Available  Curves  at  sea  level,  15000  ft, 
and  35000  ft  are  shown  in  Figures  16.  17  and  18.  Note  that  two  power 
avaiiable  lines  are  shown  on  each  graph.  The  solid  line  represents  the  power 
available  predicted  by  simple  theory.  The  dashed  line  is  a  result  of  the 
ONX/OFFX  computer  program  obtained  from  Reference  (7),  and  is  thought  to 
represent  a  more  realistic  power  available  curve.  It  is  clear  that  the  two 
theoretical  predictions  agree  only  until  approximately  M=0.4.  With  increase  in 
speed,  the  difference  between  simple  theory  and  ONX/OFFX  becomes  quite 
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significant.  This  is  important  because  power  available  directly  relates  to  excess 
power  which  in  turn  is  instrumental  in  defining  other  performance  characteristics 
such  as  rate  of  climb  and  maximum  Mach  number  in  level  flight.  Note  also  that 
the  power  required  due  to  drag  divergence  is  not  included  in  this  analysis. 
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Figure  16.  Power  Available  and  Power  Required  at  Sea  Level 
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Figure  18.  Power  Available  and  Power  Required  at  35000  Feet 
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D.  Climb  Performance 


AEW  Rate  of  Climb  at  sea  level  and  15000  feet  is  shown  in  Figure  19.  Rate 
of  Climb  plots  were  generated  at  various  altitudes  until  a  service  ceiling  (rate  of 
climb  <  100  fpm)  was  found.  A  plot  of  the  climb  rates  vs.  altitude  is  presented  in 
Figure  20.  It  was  determined  the  AEW  aircraft  will  have  a  service  ceiling  of 
approximately  38260  ft.  Although  a  service  ceiling  was  not  specified  in  the 
Proposed  RFP,  this  ceiling  is  sufficient  to  perform  the  AEW  mission.  It  is 
approximately  1660  feet  higher  than  the  service  ceiling  of  the  E-2C.  Also  note 
that  the  AEW  aircraft  has  an  absolute  ceiling  of  38600  feet. 


Figure  19.  AEW  Climb  Performance  at  Sea  Level  and  15000  Feet 
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Figure  20.  Absolute  and  Service  Ceiling  Determination 

E.  Range  and  Endurance 

Range  and  Endurance  predictions  are  shown  in  Figures  21  and  22 
respectively.  Both  predictions  are  made  using  the  Breguet  equations  obtained 
from  Reference  (19).  The  Range  and  Endurance  plots  are  shown  with  variation 
in  velocity  at  35000  ft. 
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Figure  21 .  AEW  Range  at  35000  Feet 


Figure  22.  AEW  Endurance  at  35000  Feet 


46 


F.  ACCURACY  OF  PERFORMANCE  ANALYSIS 


As  with  any  analysis,  it  is  important  to  examine  the  results  of  the 
performance  analysis  based  on  past  experience  and  on  historical  trends  of 
similar  aircraft.  In  other  words,  “Are  the  results  of  this  analysis  reasonable?" 

Based  on  historical  trends  of  aircraft  performance,  it  is  clear  that  the  climb 
performance  (Figure  19)  is  far  too  optimistic.  Based  on  the  described  design  of 
the  AEW  aircraft,  it  is  very  unlikely  that  it  would  be  capable  of  climbing  at  nearly 
12000  fpm  at  sea  level.  One  possible  explanation  for  this  performance  is  too 
large  a  T/W  ratio.  It  is  unlikely  however,  that  this  is  a  significant  part  of  the 
problem.  According  to  this  analysis,  even  if  the  AEW  aircraft’s  T/W  ratio  was  half 
the  current  ratio  of  0.46,  the  aircraft  would  still  climb  at  sea  level  at  6000  fpm. 
This  is  clearly  unreasonable.  Two  other  possible  explanations  of  the  optimistic 
climb  performance  are  immediately  apparent.  First,  the  predicted  CDo  of  may 
be  far  too  optimistic.  The  CDo  analysis  does  not  account  for  interference  drag. 
As  a  result,  the  actual  CDo  is  usually  higher  than  the  predicted  value.  This 
difference  might  be  significant  on  the  AEW  aircraft  which  probably  has 
substantial  interference  drag.  It  should  be  noted  that  the  CDo  of  the  E-2C  is 
0.0375  which  is  far  higher  than  the  predicted  AEW  CDo  of  0.0205.  Second,  the 
actual  lifting  efficiency  may  be  lower  than  the  preliminary  estimation.  A  more 
accurate  analysis  of  the  aircraft’s  aerodynamic  characteristics  will  be  possible 
only  after  Computational  Fluid  Dynamics  (CFD)  analyses,  or  wind  tunnel  tests 
are  performed. 
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The  results  of  the  Range  and  Endurance  analyses  (Figure  21  and  22)  are 
also  unreasonably  optimistic.  Because  both  the  fuel  capacity  (14000  lbs.)  and 
the  TSFC  (0.33)  are  reasonable,  it  is  likely  that  the  aforementioned 
explanations  would  account  for  the  unrealistic  range  and  endurance  results. 
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VI.  STABILITY  AND  CONTROL 


In  order  to  understand  what  the  handling  qualities  of  the  AEW  aircraft  might 
be,  a  stability  and  control  analysis  of  the  aircraft  is  necessary.  The  purpose  of 
this  chapter  is  to  provide  a  conceptual  analysis  of  the  stability  and  control 
characteristics  of  the  aircraft.  It  is  important  to  note  that  this  analysis  is  a  very 
rough  approximation.  Some  of  the  parameters  are  the  result  of  design 
approximations  presented  in  previous  chapters.  Other  parameters  are 
impossible  to  predict  accurately  without  the  use  of  wind  tunnel  testing.  In  these 
cases,  the  value  of  the  parameter  was  selected  based  on  similar  existing  aircraft 
and  past  experience. 

The  analysis  was  performed  at  three  mission-relatable  flight  conditions. 
The  flight  conditions  are:  1)  M=  0,2  at  sea  level,  2)  M  =  0.48  at  35000  feet  and  3) 
M  =  0.76  at  35000  feet. 

A.  STABILITY  AND  CONTROL  DERIVATIVES 

The  stability  and  control  derivative  analysis  was  performed  in  accordance 
with  References  (8),  (18)  and  (20).  A  stability  and  control  computer  program 
was  written  in  MATLAB  and  is  included  as  Appendix  I.  The  analysis  assumes 
no  aeroelastic  effects  of  the  aircraft.  All  derivatives  have  the  units  of  rad-T 
Finally,  any  effects  of  thrust  have  been  neglected  in  this  analysis.  The  stability 
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and  control  derivatives  for  the  AEW  aircraft  are  show,:  in  Table  9,  along  with  an 
E-2C  comparison  at  M=0.4  and  30000  feet. 

B.  DYNAMIC  ANALYSIS 

The  dynamic  analysis  was  performed  in  accordance  with  Reference  (20). 
A  dynamic  modes  computer  program  was  written  in  MATLAB  and  is  included  as 
Appendix  J.  The  analysis  assumes  small  perturbation,  linear  theory.  Results  for 
the  Short  Period  and  Phugoid  (or  Long  Period)  modes  are  approximated  to 
second-order  systems  Any  effects  of  thrust  have  been  neglected  in  this 
analysis.  The  dynamic  modes  for  the  AEW  aircraft  are  shown  in  Table  10. 

The  short  period  natural  frequency  (Wn)  and  damping  ratio  (Z)  are 
approximated  in  Reference  (20)  as: 

Wn=V((Z:,*Mq)/Uo)-M«.)  (1) 

Z=-(Mq+M(„  dot)+Z,,/Uo)/(2*Wn)  (2) 

A  representative  example  of  the  dynamic  modes  is  graphically  presented  in 
Figure  23.  The  figure  shows  the  short  period  mode  at  the  three  flight 
conditions.  All  three  primary  modes  have  similar  characteristics.  They  are  all 
relatively  lightly  damped  with  very  long  periods  and  small  amplitudes. 


50 


TABLE  9.  AEW  STABILITY  AND  CONTROL  DERIVATIVES 


DERIVATIVE 

M=0.2  at 

S.L 

M=0.48  at 
35K 

M=0.76  at 
35K 

E-2C 

Comparison 

CU 

4.8220 

5.1700 

6.970 

Cm« 

-1.1814 

-1.2666 

-1.5312 

-0.450 

CL(«  dot) 

1.1172 

1.2475 

1.6497 

6.160 

Cm(<x  dot) 

-2.3556 

-2.6304 

-3.4785 

-8.300 

Clq 

5.8328 

6.6205 

9.1761 

1 1,43 

Cmq 

-7.8521 

-8.7682 

-21.27 

cm 

-0.1279 

-0.1307 

-0.1273 

-0.0915 

Cn0 

0.0576 

0.0571 

0.0560 

0.0763 

Cy0 

-0.5877 

-0.5877 

-0.5877 

-0.9680 

CI((3dot) 

(1.0e-03*) 

0.0553 

0.7729 

Not  Avail. 

Cn(6  dot) 

-0.0025 

0.0002 

0.0020 

0.0220 

Cy(Rdot) 

-0.0065 

0.0005 

0.0056 

-.0601 

CIp 

-2.4765 

-2.5993 

-2.8140 

-0.4200 

Cnp 

0.1319 

0.0764 

0.0291 

-0.0732 

Cyp 

0.0023 

-0.0235 

-0,0406 

0.11 19 

CIr 

0.4717 

0.3620 

0.2667 

0.2580 

Cnr 

-0.0848 

-0.0833 

-0.1236 

Cyr 

0.2470 

0.2459 

0.2437 

0.3180 

Cl  6a 

0.5429 

0.5361 

0.5226 

0.0697 

Cn6a 

-0.0174 

-0.00593 

Cy6a 

0 

0 

0 

Cl6e 

0.2968 

0.3314 

0.4383 

0.644 

Cm6e 

-0.6988 

-0.9241 

-1.670 

CI6r 

-0.0024 

0.0267 

0.0609 

-0.0381 

Cn^r 

-0.2509 

-0.2789 

-0.3655 

-0.2202 

Cy6r 

0.7426 

0.8292 

1.0965 

0.5760 
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TABLE  10.  AEW  DYNAMIC  CHARACTERISTICS 


DYNAMIC  MODE 

M=0.2  at  S.L 

M=0.48  at  35K 

M=0.76  at  35K 

Short  Period 

-Roots 

-0.01 77± 

0.0521  i 

-0.0061  ± 

0.0304i 

-0.0078± 

0.0334i 

-Wni 

0.0550 

0.0310 

0.0342 

-Z2 

0.3221 

0.1950 

0.2273 

-Wd3 

0.521 

0.0304 

0.0334 

-Period  (sec) 

121 

206 

188 

Long  Period 

-Roots 

-0.0004± 

0.0039i 

1.0e-03  * 

-0.0314± 

0.7165i 

1.0e-03  * 

-0.0111± 

0.2859i 

-Wni 

0.0040 

0.0007 

0.0003 

-Z2 

0.0930 

0.0438 

0.0389 

-Wd3 

0.0039 

0.0007 

0.0003 

-Period  (sec) 

1595 

8770 

2198 

Dutch  Roll 

-Roots 

-0.01 62± 

0.1554i 

-0.0062± 

0.0890i 

-0.0064± 

0.0901i 

-Wni 

0.1562 

0.0892 

0.0903 

-Z2 

0.1035 

0.0698 

0.0704 

-Wd3 

0.1554 

0.0890 

0.0901 

-Period  (sec) 

40 

71 

70 

Roll  Response 

-Root 

-1.7652 

-0.5727 

-0.6194 

Spiral  Mode 

-Root 

0.0004 

0 

0 

Notes;  1 -Natural  Frequency 


2- Damping  Ratio 

3- Damped  Frequency 
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Figure  23.  Short  Period  Response 

C.  ACCURACY  OF  STABILITY  AND  CONTROL  ANALYSIS 

One  of  the  advantages  of  the  dynamic  analysis  is  that  the  final  results  (i.e., 
damping  frequency  and  period)  are  directly  relatable,  and  easily 
understandable,  handling  characteristics.  The  accuracy  of  these  characteristics 
can  be  qualitatively  evaluated  based  on  historical  trends  and  past  experience. 
The  accuracy  of  the  dynamic  characteristics  are  directly  related  to  the  accuracy 
of  the  stability  and  control  derivatives,  because  the  derivatives  are  used  in  the 
dynamic  analysis. 

The  results  of  the  dynamic  analysis  are  clearly  unreasonable.  The  most 
obvious  discrepancy  is  in  the  periods  of  the  three  primary  dynamic  modes  (short 
period,  long  period,  and  dutch  roll).  Short  period  and  dutch  roll  periods  for  an 
aircraft  of  this  kind  typically  range  from  2  to  8  seconds.  Obviously,  values 
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ranging  between  40  and  206  seconds  are  unreasonably  large.  The  long  period 
values  between  1595  and  8770  seconds  are  also  unreasonably  large.  Long 
period  values  for  an  aircraft  of  this  kind  are  typically  about  120  seconds.  Also 
note  the  very  lightly  damped  frequencies  of  all  three  primary  dynamic  modes.  It 
IS  unreasonable  that  these  modes  would  be  so  lightly  damped,  and  is 
inconsistent  with  historical  trends. 

Many  of  the  stability  and  control  derivatives  appear  unreasonable  as 
compared  with  the  E-2C.  The  most  unrealistic  AEW  derivatives  include  Cm.:,. 

CL(~  dot).  Cm(o<  dot),  Cmq,  and  CIp.  This  would  naturally  cause  unreasonable 

dynamic  results.  The  short  period  approximation  equations  are  shown  on 
page  50.  Since  Cm,,.,  and  Cmq  are  inaccurate,  this  will  result  in  an  unrealistic 

natural  frequency.  Also,  since  Cm(o.  dot)  and  natural  frequency  are  inaccurate. 

this  causes  an  unrealistic  damping  ratio.  Poor  initial  assumptions  are  the  most 
likely  cause  of  the  unrealistic  derivatives.  Some  inputs  were  impossible  to 
accurately  predict  within  the  scope  of  this  research.  Such  inputs  include  the 
downwash  gradient  at  the  horizontal  tail,  Cmo.  and  the  moments  of  inertia.  One 
primary  conclusion  can  be  drawn  from  this  analysis.  Although  the  method  for 
attaining  stability  and  control  derivatives  in  Reference  (18)  is  extremely 
detailed,  truly  accurate  stability  and  control  derivatives  can  only  be  acquired 
from  wind  tunnel  tests  on  a  scaled  model.  Because  most  of  the  unrealistic 
derivatives  are  longitudinally  related,  any  follow-on  research  should  include  a 
thorough  re-examination  of  the  longitudinal  analysis. 
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Vll.  CONCLUSIONS 


A.  ACCURACY 

Because  this  thesis  presents  the  results  of  a  conceptual  design,  the 
aircraft’s  characteristics  are  by  their  very  nature,  a  first  iteration  only.  Future 
studies  of  the  AEW  aircraft  must  necessarily  include  wind  tunnel  tests  of  a 
scaled  model.  Reasonably  accurate  values  of  many  of  the  aircraft’s  parameters 
can  only  be  obtained  through  wind  tunnel  tests. 

One  of  the  genuine  benefits  of  this  research  was  the  many  computer 
programs  that  were  generated.  As  the  design  process  for  this  (or  any  other) 
aircraft  continues,  these  programs  can  be  used  to  obtain  more  accurate  results 
through  the  input  of  more  accurate  parameters. 

B.  EXISTING  ROTODOME/AVIONICS 

Before  the  design  of  this  aircraft  proceeds  beyond  the  preliminary  design 
stage,  consideration  must  be  given  to  the  use  of  new  airborne  detection 
technologies.  Based  on  historical  trends,  it  is  likely  that  the  integration  of  the 
E-2C’s  detection  system  into  a  new  airframe  will  be  difficult.  The  result  would 
be  an  increase  in  both  developmental  and  life  cycle  costs.  Although  new 
detection  technologies  such  as  a  phased-array  radar  may  be  costly  to  develop, 
the  benefits  and  the  life  cycle  costs  must  be  investigated. 
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C.  SUPERCRITICAL  AIRFOIL 

Use  of  supercritical  airfoils  on  aircraft  is  a  relatively  new  technology  that 
should  be  explored  further.  The  airfoil  appears  to  be  ideally  suited  for  aircraft 
that  must  operate  in  the  transonic  regime,  and  display  aggressive  endurance 
characteristics. 

D.  POSSIBLE  PROBLEM  AREAS 

1 .  Escape  System 

Within  the  scope  of  this  design  effort,  no  satisfactory  ejection  system 
could  be  determined.  The  obvious  hinderance  to  a  viable  ejection  system  is 
use  of  the  existing  rotodome  antenna.  Difficulties  in  developing  a  viable 
ejection  system  will  most  likely  occur,  regardless  of  the  system,  as  long  as  a 
conventional  rotodome  antenna  is  used.  A  conventional  early  warning  phased- 
array  radar  system  for  example,  would  be  approximately  the  same  size  as  the 
current  antenna.  The  difficulties  in  ejection  therefore,  would  be  similar.  Ejection 
of  the  aircrew  would  be  much  more  successful  with  an  antenna  that  is  not  in  the 
form  of  a  rotodome  but  within  the  wings  and  body  of  the  aircraft.  This  would 
necessitate  the  use  of  a  phased-array  radar  system,  and  therefore,  would  be 
costlier  to  develop.  Before  a  formal  AEW  RFP  is  developed,  a  clear  decision 
will  have  to  be  made  on  the  aircrew  escape  system  issue,  and  the  resulting 
impact  on  the  radar  system. 


56 


2.  Divergent  Drag  Mach  Number  (Mdd) 

Although  the  wing  Mdd  of  0.81  is  high  enough  to  operate  in  the  required 
regime,  future  studies  should  include  an  analysis  of  the  drag  penalties  of  other 
aircraft  parts  in  this  transonic  range.  Emphasis  should  be  placed  on  the 
fuselage  and  the  rotodome  antenna.  The  relatively  wide  fuselage  and  blunt 
nose  may  cause  significant  drag  penalties  at  the  target  high-speed  dash  Mach 
number  of  0.78.  With  a  thickness  ratio  of  0.3,  the  rotodome  antenna  is  also 
likely  to  have  a  Mdd  far  below  the  required  operating  range.  It  may,  of  course, 
require  transonic  wind  tunnel  tests  to  verify  how  significant  these  drag  penalties 
are. 

3.  Horizontal  Tail  Effectiveness 

It  can  be  seen  from  Figure  6,  that  the  horizontal  tail  is  directly  behind 
the  wing  and  rotodome  support  pylon.  The  aerodynamic  disturbance  created 
by  the  wing  and  pylon  could  result  in  the  loss  of  horizontal  tail  effectiveness 
under  some  flight  conditions.  This  can  only  be  verified  however  with  wind 
tunnel  tests  of  a  scaled  model,  or  by  a  CFD  analysis. 

4.  Wingfold  System 

Another  area  of  difficulty  could  be  in  the  wingfold  system.  Because  a 
double-wingfold  system  is  new  technology,  developmental  costs  may  be  high. 
The  double-wingfold  will  be  an  engineering  challenge  to  both  the  structures 
and  the  flight  control  design  teams.  It  should  be  pointed  out  that  if  an  aircraft 
design  employs  a  phased-array  radar  system  with  a  non-conventional  antenna 
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such  as  the  one  previously  mentioned,  the  need  for  a  double-wingfold  system 
might  be  eliminated. 

E.  RECOMMENDATIONS 

Within  the  scope  of  this  research,  the  design  of  an  AEW  aircraft  using  the 
existing  rotodome  and  avionics  should  be  abandoned.  Use  of  the  rotodome  will 
negatively  affect  the  aircraft’s  normal  and  emergency  operations.  Considering 
all  factors  involved,  it  is  unlikely  there  will  be  substantial  savings  using  the 
existing  rotodome  and  avionics. 

Future  aircraft  designs  should  include  integration  of  a  phased-array  radar 
system.  This  system  offers  the  flexibility  needed  for  an  aircraft  required  to 
possess  ejection  and  wingfold  systems.  Reference  (21)  provides  an  example  of 
such  a  design.  The  aircraft,  called  the  Boeing  EX,  is  shown  in  Figure  24.  A 
comparative  analysis  of  the  Boeing  EX  and  the  AEW  aircraft  is  provided  in 
Table  11.  It  is  clear  from  the  Figure  24,  that  the  phased-array  radar  system 
allows  for  more  flexibility  in  the  design  process,  and  eliminates  the 
aforementioned  ejection  and  wingfold  problems. 
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Figure  24.  Boeing  EX  [Rel.  21] 
TABLE  1 1 .  AIRCRAFT  COMPARISON 


CHARACTERISTIC 

BOEING  EX 

AEW  AIRCRAFT 

Overall  Length 

51.2  ft. 

55.0  ft. 

Wing  Span 

63.3  ft. 

72.0  ft. 

Wing  Area 

845  sq.ft. 

639  sq.  ft. 

Design  Mach 

0.76 

0.78 

Takeoff  Weight 

55200  lbs. 

53000  lbs 

T/W 

0.34 

0.46 

Antenna 

Mounted  in  Wings 

Existing  Rotodome 

Ejection  Capability 

Yes 

No 
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In  conclusion,  it  must  again  be  emphasized  that  this  analysis  was  the  first 
iteration  on  a  conceptual  design  only.  Therefore,  the  scope  of  the  research  was 
limited.  A  more  complete  analysis  is  only  possible  after  an  entire  design  team 
is  assembled. 
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c.  a> 


APPENDIX  A 


AEW  MRCRAFT  DESIGH 
IIAVAL  POSTGRADUATE  SCHOOL 

PROJECT  OBJECTIVES 

'I'lie  object  of  tills  design  study  Is  to  perform  the  necessery  trndo 
studies  required  to  define  tlie  most  cost  effective,  low  rislT 
nirframe  configuration  capable  of  meeting  future  airborne  early 
warning  (AEW)  requirements  In  the  21st  century.  The  mission  is  a 
deck-launched  liigh  speed  dash,  low  speed  loiter  at  20,000  to  35,onn 
feet  altitude  and  return.  The  goal  Is  to  select  tlie  greatest  high 
speed  dash  Mach  number  consistent  with  the  maximum  range  and  loiter 
requirements  that  will  provide  a  carrier  suitable  aircraft.  I'hn 
aircraft  will  liave  ejection  capability  provisions  for  all  memirers 
of  tire  four  to  six  member  aircrew.  A  fanjet  (no  turboprops)  pov/er- 
lant  will  provide  aircraft  propulsion.  The  EX  configuration  must 
xhlbit  low  Initial  pvirchase  cost  and  low  life-cycle  cost. 
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Mission  DRFiniTion 


DECK  lAUnCFIED  SUnVEILIoAMCE:  The  total  mission  cycle  time  (qiiadrupln 
cycle)  is  desired  to  Ije  at  least  7  liours  10  minutes  (with  one  re¬ 
fueling)  plus  reserves  with  a  minimum  acceptable  cycle  time  (triple 
cycle)  of  5  hours  45  minutes  (no  refueling)  plus  reserves. 

1.  For  taxi,  warmup,  takeoff  and  acceleration  to  H=0..1;  fuel 
allowance  at  sea  level  static  thrust  is  equal  to 
minutes  at  Intermediate  thrust  (no  afterburner) . 

2.  Acceleration:  Maximum  power  acceleration  from  M-n . t  to 
best  rate  of  climb  speed  at  sea  level. 

1.  Climb:  Best  rate  of  climb  to  optimvim  crviise  altitude  for 
design  cruise  Mach  number. 

4.  Cruise:  Cruise-out  (hlgti  speed  dash  at  M=0.7-o.n5)  nl 
design  Macli  number  at  optimum  cruise  altitude. 

5.  Turn:  3g  sustained  desired;  2g  sustained  minimum  at  I  lie 
weJglit  corresponding  to  the  end  of  crulse-out. 

6.  bolter:  Conduct  surveillance  at  maximum  endurance  flight 
condition  for  minimum  of  4  hours  30  minutes  (200  nm 
station,  no  refueling). 

7.  Descent;  Descend  to  best  return  cruise  altitude  (no  time, 
distance  or  fuel  used  allowances). 

n.  Cruise-back  at  optimum  altitude  and  best  cruise  Mach 
number. 

9.  Descent:  Descend  to  sea  level  (no  time,  distance  or  fuel 
used  allowances). 

10.  Land. 

11.  Reserves;  Fuel  allowance  equal  to  20  minutes  loiter  at 
sea  level  at  speed  for  maximum  endurance  plus  5%  of 
initial  total  fuel. 
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DESIGH  CRITERIA 


HEIGHT: 

CREW: 

Avionics : 


SELF  OEFEHSE; 

LOAf)  FACTOR: 

CARRIER 

SUITADILITY: 


The  tnaxlmum  takeoff  gross  weigljt  will  be  fiO,()nn  lb,. 

Tlie  aircraft  will  liave  an  aircrew  of  from  four  to 
six  members,  including  a  single  pilot.  A  v;pight 
allowance  of  230  lb,  is  reguired  for  crew  members 
and  his/her  equipment. 

Design  an  optimal  configuration  of  flat  pknel  dis¬ 
plays  for  tactical  cockpit  operation.  Nominal  dis¬ 
play  sizes  for  consideration  are  6x8,  8x0,  13x13, 
3x5,  6x6  and  4x4.  Determine  any  other  feasible 
sizes.  Architecture  for  the  operation  of  the  rlis- 
plays  should  not  be  of  concern.  Recommend  (trade 
study  result)  the  best  possible  combination  of 
displays  based  on  the  need  for  the  pilot  to  control 
the  aircraft  during  takeoff,  landing  and  on-statlon 
flight;  consider  also  the  best  display  combinations 
based  on  viewing  and  interactions  with  tactical 
displays . 

Data/graphics  displayed  on  a  panel  of  any  given 
size  should  be  Interchangeable  with  any  other  panel 
of  the  same  size.  Consideration  must  be  given  to 
supportablllty  (e.g.  availability  of  display  sizes 
In  other  aircraft  communities)  and  to  minimizing 
clutter.  Recommend  screen  formats  for  the  transfer 
of  as  many  discrete  functions  and  indicators  as 
possible  to  flat  panel  displays.  Use  tlie  existing 
24  foot  rotodome. 

Presume  that  a  future  missile  would  be  the  size  of 
a  compressed  carriage  AIM-7  Sparrow  and  would  weigh 
500  lb,.  Two  missiles  are  reguired.  A  chaff  and 
flare  launcher  is  required.  Provide  two  wet  wing 
stations . 

3g  sustained  is  desired;  2g  sustained  minimum  at 
the  weight  corresponding  to  the  end  of  cruise-out. 


Compatibility  with  CVN-GO  carriers  and  subsequent 

implies  the  following  criteria; 

1.  MK-7  mod  3  arresting  gear. 

2.  C13-1  catapults. 

3.  130,000  lb,  maximum  elevator  capacity  (aircraft 
plus  loading  plus  GFE) . 

4.  05x52  foot  elevator  dimensions. 

5.  57  feet  8  Inches  minimum  station  "o"  to  .ThD 
hinge  for  MK-7  JDD  locations. 

6.  10  feet  9  inches  minimum  from  tailpipe  to  .ini) 
hinge. 
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lAUHCH: 

ARREST: 

VJAVE-OFF: 

POWER  PI  ANT: 

COCKPIT: 

IN-FLIGIIT 

REFUELING: 

structure: 

SELF-DEFENSE 

CAPABILITY: 

GROWTH : 

COST: 

GENERAL: 


7.  Maximum,  unfolded  span  of  82  feet. 

8.  22  foot  maximum  landing  gear  widtli. 

9.  25  foot  maximum  lianger  deck  helglit  except 
under  VAST  stations  In  tlie  forward  part  of  tlie 
hanger  where  the  clearance  Is  17  feet  << 
Inches.  The  maximum  folded  Iteight  of  ttie 
aircraft  should  not  exceed  10.5  feet. 

Launch  wind-over-deck  (WOD)  should  not  exceed  zero 
knots  operational.  Operational  is  minimum  plus  15 
knots.  Assume  a  5  knot  Improvement  on  the  Cl  1-1 
catapult. 

Arresting  WOD  should  not  exceed  zero  knots.  Assume 
a  5  knot  improvement  on  the  HK-7  mod  3  arresting 
gear.  Approach  speed  for  WOD  calculations  is  1.05 
times  V  approved. 

For  multi-engine  aircraft,  a  minimum  v/ave-off  rate 
of  climb  of  500  feet  per  minute,  wltii  one  engine 
inoperative,  shall  be  available. 

Fan  jets  (perhaps,  upgraded  TF-li  engines).  MO 
TURBOPROPS. 

High  visibility  cockpit  is  required  for  pattern 
work  at  ship. 


The  aircraft  must  have  an  in-fllght  refuel  ituj 
capabil Ity . 

The  airframe  structure  must  accommodate  BTRST. 


The  EX  aircraft  must  have  a  self-defense  capability 
[derived  from  complete  (survivability,  vulner¬ 
ability  and  susceptibility)  studies). 

The  structure  must  be  capable  of  considerable 
weight  growth  beyond  the  Initial  production 
configuration  (at  least  -1,000  lb,). 

Low  purcliase  cost  and  low  life-cycle  cost  Is  highly 
desirable.  Assume  a  total  buy  of  50  aircraft. 

Attention  shall  be  given  to  quality,  maintain¬ 
ability,  manufacturability  and  concurrent 
engineering  Issues. 


64 


APPENDIX  B 


<Thls  Is  a  constraint  analysis  program  shlch  Is  designed  to  plot  oorlous  flight 
Xconditlons  os  a  function  of  thrusl-to-selght  rotio  (TsI/^Uto)  and  sing  loading 
l(Ute/S).Thls  progpoR  IneorporateR  different  coses  ehich  corresponds  to 
Idifferent  flight  coniditlons.  Each  case  el  1 1  be  seperoted  elth  a  dashed  line. 
Ithls  prograa  Is  based  on  the  eaterlol  covered  In  chapter  2  of  Hattingly's  (et 
lal)  aircraft  engine  deelgn  book,  nil  equations  ore  fron  llattingly  unless 
XspecI f leal ly  stated  otherelse. 

f . . - - - 

ITel/Uto  el  1 1  henceforth  be  knoen  os  TU.  Uto/S  el  1 1  be  knoen  os  US. 

XOperatIve  equation. 

ITU/US-(B/o)*((q*S/(B*U))*(ICI*(n*0*U/(q*S))''2+k2*(n»B*U/(q*S))+CDo*R/(q*S))*l/U*d 
/dt*(h*U‘2/(2*go)))  (eqn.  2-11) 

Jn  porabollc  drag  polar  Is  assueed.  Therefore  k2“0  throughout. 

t - 

ICase  liConetant  Rlt. /Speed  Cruise.  High  Speed  Dash  •  I1~0.7B  I.  h-30IC  ft. 
*dh/dt«dU/dt*0.  Constant  altitude  I.  no  accelerot Ion. 
n  I  ■■  I :  Inoraa  I  g  I  oad  I  ng 

nt*0|inddlt lonal  drag.  Resueed  zero  throughout 
iC2*0;IOrag  Curve  constant 
B1-0.90S:IUelght  Froctlon 

Kl 1"0.06il0rog  Curve  constant.  Obtained  fro«  Hlcolol  page  E-7. 
PI-2l16*.2360}JlPreo8ure  at  35K  ft. 
f1l*0.78}IHoch  Huaber 

CDol*.0315;I0rog  coefficient  at  zero  lift  (opproxleote) 
ql*( 1 .1/2)*PI*f1l''2}IDynoelc  Pressure 
RRI-0,3l06jl0en8ltv  ratio  at  30K  ft. 

al“(0. 560*0. 25*(1 .2-HI )''3)*nRI'0.6;llnstol led  full  throttle  thrust  lopse  for  o 
high  bypass  tUrbofon  (eqn.  2-12) 

T1«l  I'Xcounter 

for  USt*20!5; HOi'Xthe  range  of  elng  looding 
USin(TI)-US1; 

TUI(TI)-(BI/al)*(kII*BI*USI/ql*K2*CDol/(B1*USI/ql)):llhe  resulting  T/U  ratio, 
leqn  2.12 
TI"TI*I ;Xcounter 
end 

USIo"ql/0l*8qrt(CDol/KI I );IThe  elnleuR  U/S  for  cose  I. 

TUIo-(BI/ol)*(KII*B1*USIo/ql*k2*CDoI/(BI*USIo/ql))jlThe  elnleue  T/U  for  case  I 

f _ _ _ 

XCaee  Is;  HaxleuR  Endurance  •  35IC  ft. 
nle-l fXnoreal  g  loading 
Dle-0.B;XUelght  Froctlon 

te*0.015;XDrag  Curve  constant .Obtoined  fro*  Hlcolol  page  E-7. 
t1le"0.15;IHach  Nu*ber 
qlo*(l .1/2)*P1*f11e*2;IDyno*lc  Pressure 

ole“(0. 568*0. 25*(l  .2-f1le)''3)*nRI''0.6;Ilnstol  led  full  throttle  thrust  lopse  for  o 
high  bypaes  turbo fan  (eqn,  2-12) 

T1«1 ilcounter 
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for  llSle"20!5:  HOjXtho  range  of  elng  loading 
USIen(TI)-USte; 

TUle(T1)-(Ble/ale)*(KI1e*B1e*US1o/gle*K2*CDo1/(B1e*US1e/qle));Ithe  resulting  T/ll 
rat lo.  eqn  2.12 
TI"TI*I ;Xcounter 
end 

US1oe"qle/B1e*eqrt(CDol/Kl  te)  ;fThe  ulnlitiuA  U/S  for  coee  1e 

TUIo-(B1e/ale)*(K1lo*B1e*US1oo/qle*K2*CDo1/(B1e*US1oe/qle));IThe  nIhleuM  T/IJ  for 
case  le 

X - - 

XCase  2: Const ant  Speed  Clleb.  This  Is  a  "snapshot"  of  the  cllsb  only.  Token  at 
Xon  assuAsd  TRS-330  fps,  11-0.11,  8.I5K  ft.  ■/  on  ossu«ed  dh/dt  of  1000  fpm. 
XdU/dt-Oj 

n2-1:XnorRal  g  loading 

R2-0;Xnddlt lonal  drog.  Rssuned  zero  throughout 
P2-0. 5616*21 16. 2 jXPressure  ot  15K  ft. 

U-133;XUeloclty 
dhdt-67;XRate  of  CIlRb  (ft/s) 

112- 0 .11;  XHach  NuRber 
B2-0.975;XUelght  Fraction 

K12-0.05;IDrag  Curve  constant .Obtained  froR  HIcolal  page  E-7. 
q2-(1 .1/2)*P2*f12"2;*D«noRlc  Pressure 
CDo2-0.0315;l0rag  coefficient  ot  zero  lift 
Rn2-0.6295;XDenslty  rotio  at  ISK  ft. 

o2-(0. 568*0. 25*(1.2-f12)*3)*Rfl2‘0.6;llnstal led  full  throttle  thrust  lopse  for  o 
high  bypass  turbofan  (eqn.  2-12) 

T2-I  I'Xcounter 

for  US2-20!5! l10;Xthe  range  of  sing  loading 
US2n(T2)-US2; 

TU2(T2)-(B2/o2)*(KI2*B2*US2/q2*PC2*C0o2/(D2*US2/q2)*1/U*dhdt);Xthe  resulting  T/U 
rat lo.  eqn  2.11 
T2-T2*l  I'Xcounter 
end 

US2o-q2/B2*sqrt(CDo2/K12);XThe  RiniRUR  U/S  for  cose  2 

TU2o-(B2/o2)*(K12*B2*US2o/q2*K2*C0o2/(B2*US2o/q2)*1/U*dhdt);XThe  rIoIrur  T/U  for 
case  2 

X - - - - 

XCase  3:Constant  RIt. /Speed  Turn.  Sustolned  g  turn. 

Xdh/dt-dU/dt-0 
n3-2;XnorRal  g  loading 

R3-0:XRddlt lonal  drog.  Resueed  zero  throughout 
P3-0. 1599*21 16. 2 ;XProooure  ot  20)C  ft. 

B3-0.B5;IUelght  Frocllon 

K 13-0. 015 ;IDrog  Curve  constant.  Oblolned  froR  HIcolal  poge  E-7. 

IC2-0|X0rog  Curve  constant 

113- 0.16:XI1ach  NuRber 

CDo3" . 0315 I IDreq  coefficient  at  zero  lift 
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q3"(  1 . 1/2)*P3*H3"2;X0ynaiilc  Pressura 
nn3"0.3332;»0en9lty  ratio  at  20K  ft. 

o3"(O,560+O.25*(1 ,2-H3)''3)*nR3*0.6;lln8tol led  full  throttle  thruat  loose  for  o 
high  bypass  turbofon  (eqn.  2-12) 

T3"1  .’Icounter 

for  US3"20:5: llOjIlhe  rongo  of  elng  loading 
US3ri(T3)-US3! 

TU3(T3)-(03/a3)*(Kt3*n3"2*B3*US3/q3+IC2*n3»CDo3/(B3*IJS3/q3));*the  resulting  f/ll 
rot lo.  eqn  2.15 
T3“T3+I jlcounter 
end 

US3o-q3/B3*8qpl(CDo3/K13);IThe  ninleuN  U/5  for  cose  3 

TU3o-(B3/a3)*(K13*n3"2*B3*US3o/q3+IC2*n3*C0o3/(B3*US3o/q3));IThe  mlnlmuii  T/U  for 
case  3 

I - 

XCase  1:Horl2ontal  flccolerotlon 
fdh/dt"0; const ant  altitude 
n1-l jlnoreal  g  loading 

R1~0;llflddlt lonol  drag.  Resueed  zero  throughout 
Ul'IOOillnIt lal  velocity , 

Uf*776jIFInol  velocity. 

dt"300;fTlee  for  occeleratlon  (In  seconds) 

P1-2t 1 6. ‘(•0.2360,'f Pressure  ot  35K  ft. 
dUdt ■( U  f-U I )/dl ; IRccs I erot I on 
B1 •0.05; Weight  Fraction 

KH".055:IDrog  Curve  constont.  Obtolned  froe  Hlcolol  poge  E-7. 

K2*0;IDrog  Curve  constant 

H1*.50;inach  Nueber.R  ’snapshot*  In  the  Middle  of  the  run 
C0o1".0315;l0rog  coefficient  at  zero  lift 
g"32. I7;lflccelerat Ion  due  to  gravity  (ft/sec) 
q1*(1 .1/2)*P1*l11"2:WynoMlc  Pressure 
RR1-.3l06;l0en8lty  ratio  ot  35K  ft. 

o1*(0.568*0.25*(l  .2-(11)*3)*RR1''0.6;lln8tal  led  full  throttle  thrust  lopse  for  o 
high  bypass  turbofan  (eqn.  2-12) 

Z-l/g*dUdt; 

T1“l ;*counter 

for  US1"20!5! I10;lthe  ronge  of  elng  loading 

gsiri(Ti)-usi! 

TU1(T1)-(B1/a1)*():l1*B1*US1/q1*»:2*CDo1/(B1*US1/q1)*Z);*the  resulting  T/U  ratio, 
sqn .  2.18 
T1-T1+I ;fcounter 
end 

I— - - 

ICase  5:  Takeoff  Ground  Roll 
fdh/dt-0; 

Sg*3000(XGround  roll  takeoff  distance 
RhS”. 0023769 1 XSeo  level  densttu 


let o"l . 2; Istal  I -t 0-t akeof f  ueloclty  rotio 
Cla*2.5;Xt1ax  lift  cost fic lent  for  tokeoff 
BS*l;XUelght  Fraction 
f15"0jII1ach  Nueber 
nnS"! jfDenelty  ratio  at  sea  level 

a5-(O.560»O.25*(1.2-n5)''3)«nR5'O.6:Xlnstalled  full  throttle  thrust  lopse  for  n 

high  bypass  turbofan  (eqn.  2-12) 

g*32. 17;inccelerat Ion  due  to  gravity  (ft/sec) 

T5-I ;lcounter 

for  US5*20:5: MO, I the  range  of  eing  loading 
US5n(T5)-US5; 

TU5fl(T5)-((2O.9*US5)/(RR5*Cle))/(Sg-07*sqrt(US5/(fin5*Cle)));Xthe  resulting  T/U 
ratio.  This  Is  free  Nicolai  (eqn. 6-3) I 
T5"T5*I ;Xcounter 
end 

I - 

XCase  7; Landing  Roll 
XdhdfO; 

Cl«"3.0jll1ox  lift  coefficient  for  landing 

SI *5000; Handing  distance 

RR* I ; lOena I t y  rotio  at  seo  level 

TU8-0.2i.lil.2j 

US8-(8l-100)*Rfl*Cla/l lOjfFroe  Nlcolol  (eqn.  6-5). Note  It  Is  Independent  of  T/U. 
for  S-lill, 

US0N(S)-US0| 

end 

X . - . — _ _ _ _ _ _ 

XCase  9i  Nolntalnabl I Ity 

t1l1FH-30j maintenance  ean  hours  per  flight  hour 
T9-I jlcounter 

for  US9-20i5i M0,lthe  range  of  elng  loading 
US9R(T9)-US9; 

TU9(T9)-(finFH/7.257l6)-(0. 196568/7. 25716)*US9;Ilho  resulting  T/U  rotio. This  Is 
XNesberry's  equation  for  the  fighter  olrcrofl  only. 

TU9T(T9)-(linFH/l3.6383)-(0. 1555/13. 6383)*US9;Xthe  resulting  T/U  rotio.  This  Is 
XHesberry's  equation  using  oll25  oircroft.  It  eos  used  because  It  Is  probably 
Xeost  realistic. 

T9-T9*f  jXcounter 
end 

X - - 

plot(USin,TUI,USIel1,TU1e,US2l1,TU2,'x*,US3n,TU3,’*’,USin,TU1,  •o  ,US5ll,TU5R,  ,US9 
R,TU8,'-',US9n,TU9T,'-,') 
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APPENDIX  C 


Xlhls  Is  on  ejection  progro*  elth  expressions  Iron  lloerners  Fluid  Dynamic  Drag 
book,  Chapter  13. 

t - 

U-300)lfl§lght  of  the  seat  and  cree  nember 

g**32.2;laccelerat  Ion  due  to  gravity 

f1".2;llHoch  number 

Gfln‘'f  .1;fgamma 

P"21 16 j I*. 0321 ;lpressure 

q"(Gflf1/2)*P*f1^2!ldynomle  pressure. assumed  const ont 
0q"9}ldrag  area  (varies  beteeen  i  and  9ft"2) 
e-60:lapproxlmate  average  vertical  velocity 
Q*1 iScounter 
for  V»0!  H, 

Vf1((J)-Vj 

TdiD^V/ejIt Ue  Is  equal  to  velocity  divided  by  distance 
T2((J)*T(0)*2;lt lee  squared 

XI(Q)"0+(g*q*T2(O)*(Oq/U));lthe  front  seot  trojectory.  eqn.  26,  chop  13 
X2((J)»16*(g*q*T2(0)*(Oq/U));fthe  back  seot  trojectory.  eqn.  26,  chop  13 
0"Q*1 ilcounter 
end 

*plot(Xr,Vt1,'*',X2’,Vf1,’»'), 

I - - 

Ithle  drove  the  rotodome  ontenno 
nu-{9.7413  10.929  9.7113J; 

Rl-{9.7113  9.7113  9.71131; 

Rc-(9.7113  0.553  9.7113J: 

XO-116  20  101; 

plot(XD,Ru,XD,RI, ■-•,X0,Rc,  -•), 
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APPENDIX  D 


I - 

IThls  lAlght  ppogroa  has  tao  parti.  The  first  Is  a  subroutine  ehlch  coeputes  the 
faelght  of  thi  propulsion  and  fuel  syetees.  These  figures  are  needed  for  the 
lealn  prograS  ehlch  Iterates  a  takeoff  eelght. 

I - 

IPropu I  a  I on  Subrout  I ne 

I - 

IThe  beloe  ualues  are  Inputs  that  are  required  for  the  equations  that  haue  been 
lobtalned  froe  'The  Fundaeentals  of  Aircraft  Design'  by  Lelond  11.  Hlcollo 
(Chapter  20) 

ni-pl*2.3r5"2,*  Ilnlet  Area 
HI >2;  IHueber  of  Inlets 
kgsool:  lOuct  Shape  Foctor 

P2*24!  Iflax  Static  Pressure  at  Engine  Coepressor  Face-psla 

Kte-I;  ITeeperature  Correction  Factor 

ke“l|  lOuct  Itaterlal  Foctor 

Ld>3;  ISubsontc  Duct  length 

Fga''2l51;  ITotal  UIng  Fuel  In  Gallons 

Fgf>0i  ITotal  Fuselage  Fuel  In  Gallons 

Lf-55:  IFuseloge  Length 

Ne-2;  INusber  of  Engines 

B«72|  filing  Span 

Ueng«2000]  lUelght  of  Engine 

I . — 

IThe  equation  nuebers  froe  HIcolal  are  Included  elth  the  oppropriote  equotlons. 

Ut  fd-7,135*fll*(Ld*flr.5*P2)". 731  >120-15 

Ueec-ll.6*((Fge^Fgf)*l0^(-2))''.0l8>l20-16 

Ubec-7.9l»((Fge*Fgf)*l0~(-2))-.854>l20-l8 

Ulfr-l3.61*((Fge+Fgf)*10“(-2))‘.392;f20-l9 

Udd-7,3B*((Fge*Fgf)*10*(-2))“.158;l20-20 

Utp-28.38*((Fge^Fgf)*l0"(-2))".H2>l20-2l 

Uec-OB . 4 6* ( ( L  f  *8 ) •He* 1 0* ( -2 ) ) * . 291 5 120-23 

Uss-9 . 33*(Me*Ueng* I O^t -3) ) - 1 . 078; 120-26 

UfeoUesc^Ubsc^Udd^Utp^UI fr , 

Upp*Ut  fd*Ufs«Uec^Ues«(Ueng*2) , 

f - 

IHoln  Iteration  Prograe 

I - - - 

IThls  prograe  Is  designed  to  find  the  oppropriote  takeoff  eelght(Uto)  ehere  the 
lequotlon  Is  o  potynoalal  elth  froctlon  exponent s . The  eecani  set hod  is  used  to 
ffind  the  desired  root. The  operative  equation  (ehlch  Is  so  deslgnoted  beloe)  Is 
feet  up  so  that  Ithe  prograe  el II  find  Uto  (a.k.a.  H)  ehen  V  Is  equal  to 
Izero.Ths  eony  equations  that  proceed  the  operative  equation  ore  portions  of  the 
If  Inal  equation.  They  are  eeperate  to  eake  the  operative  equation  eore 
leanageable. 

f - - - 

IThf  btlee  volute  ore  Inputs  thot  ore  reoulred  for  the  equotlons  thot  hove  been 
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lobtolned  froa  'Tha  Fundaaentols  of  Rlrcroft  Design'  bg  Leland  i1.  Hlcollo 
(Chapter  20) 

H-4.5i  lUltleote  Load  Factor 
toc*O.I2;  XHaxleua  Thickness  Ratio 
Lls-(2Ppl/180);  Heading  Edge  Sesep 
Ct"1;  IChord  Length  at  Tip 
Cr-13.75;  XChord  Length  at  Root 
l■Ct/CrJ  XToper  Ratio 
ft-8.11|  XRspect  Ratio 
Se-639{  XUIng  Rrea 

Sht»180;  XHorIzontol  Tall  Planfore  flreo 
Bht*21;  ISpon  of  Horizontal  Toll 
lRhl-0.86;  XThIckneee  of  Horizontal  Toll  at  Root 
Caac-9.77|  tllRC  of  the  UIng 
Lt>25)  ITall  Itoaent  Rre 

lllHu>0;  XllorIzontal  Tall  Height  to  Uertical  Tall  Height  Ratio 

Swt"15;  XUertIcal  Toll  Area 

ft*. 78 1  Xftaxleu*  tloch  Huaber  at  Sea  Level 

Sr *22;  XRudder  Area 

Rut*I.MI;  Xflepect  Ratio  of  Uertical  Tall 

ft*0.5;  ITaper  Ratio  of  Uertical  Tall 

Lvt*(30*pl/t80) j  tSeeep  of  the  Uertleol  Toll 

q>800t  Xltaxlaua  Oynaalc  Pressure 

Lngth*55;  XPuseloge  Length 

H-8;  Xltaxlaua  Fuselage  Helgth 

ICInl*ls  XInlet  Constant 

HpM-2;  XNuaber  of  Pilots 

Ne-2)  IHuabar  of  Eng I nee 

Utron*10000|  XUelght  of  Rvlonics 

Her *4)  XNuaber  of  Crea 

)Csoa*l19. 12;  XEjectlon  Seot  Constont 

Urad*3086:  XRodooe  Height 

Ufuol-14000;  ITotal  Fuel  Height 

X - - - - - 

XThs  equation  nuabers  froa  Nicolai  are  Included  alth  the  oppropriote  equations. 
XThe  first  loop  Is  used  to  coapute  the  first  teo  values  of  V  after  the  teo 
Xinitlal  guesses  for  Uto  (N)  hove  been  oode.  Teo  Initlol  guesses  are  required 
Xfor  the  secant  aethod. 

P-l; 

for  Uto*40000! 10000:50000, XIOK  t  50K  are  the  teo  Initlol  guesses. 

X(P)-Uto; 

Ue-l9.29*(l*H*Uto/toc*((ton(Lle)-(2*(t-l))/(H*(1M)))"2M)*t0"(-6))M64*((l*l)*n 

)".7*Se*.38jX20-2 

Vh-(Uto*N)“.8l3*Sht".581*(Bht/tRht)".033*(Caoc/Lt)".28;X20-3o 

Uht-.0034*Vh*.9t5;l20-3a 

Vg-( 1 ♦HtHv)^ .5*f Uto*H)- .363*Sut"1 .089*n" .601*Lt"( - . 726)*( t ♦Sr/Svt )" . 21 7*flvt " . 337* 
(l♦lt)^363*(cos(Lvt ))"(-.  404)  !l20-3b 
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Uvt-2*O.I9*Vu^1 .0M;I20-3b 

Uf-n.03*(lC»nl''l  .23)*(o*IO^(-2))^.215*(mo*IO*(-3))^.90*(Lngth/H)^.6l  !«20-5 

Ulg-129.1*(Uto*10*(-3))".66;*20-7 

Uhyd-23.77*(mo*10''(-3))"l .  IO;I20-35 

U  f I -Hp  M • ( 1 5 ♦ . 032*Mt  0* 1 0 ‘ ( - 3 ) ) ! 120-39 

Ue I -He*( 4 . 00* , 006*Ut  o* 1 0" ( -3 ) ) ; 120-40 

U»l-.l5*(Uto*10"(-3))|I20-42 

Ues-346.90*((Wf8+Ulron)*1O*(-3))".5O9j*2O-44 

U8t-K8«a*Her'' 1.2}  120-50 

Uox- I 6 . 09*Hcr ' 1 . 494 } *20-5 I 

Uac-201 . 66*( (Ut ron^200*Her ) • 1 0"( -3) )" . 735; *20-65 
llfc"l  .08*(Uto)''.7;*lhl8  aquation  Is  fro«  Roskoa  PortU 
*Th8  be I 08  aquation  Is  the  operative  equation. 

V(P)-(-Ulo)*Ue*Uht*Uut*llf*Ulg»Uhyd*Ufl+Uel*Uel+Ue8»U8t+Uox*Uac>Urod^Ufuel«l4tron*ll 

pp^Ufc; 

P-P+l; 

end 

*Thls  concludes  the  loop  that  coeputea  the  values  of  V  (or  the  too  Initial 
*gue39ea. 

* . - . — 

*The  eeeond  loop  la  designed  to  actually  find  the  root. The  loop  olloee  for  up  to 
*18  Iteratlone. 
for  J"3?I2, 

X(J)-K(J-l)-V(J-l)*((K(J-l)-X(J-2))/(V(J-l)-V(J-2)))}*Thle  Is  the  eecont  eelhod 
Xforaulal  It  coeputee  a  value  of  X  (llto)  froe  the  previous  t»o  X’s  and  their 
*reepectlve  V  values.  The  rest  of  this  loop  Juet  coeputee  the  nee  volue  of  V 
*froe  the  neely  coepu*ted  X.  Hore  Inforeatton  on  the  secant  eethod  con  be  found 
*ln  any  nueerlcai  set hods  book. 

Uto-X(J)j 

Ue-l9.29*(l*H*Uto/toc*((tan(Lle)-(2*(1-l))/(fl*(l+l)))'2*1)*IO*(-6))".464*((l*l)*n 

)".7*Se\50;*2O-2 

Vh-(Uto*H)^.013*Sht-.504*(Bht/tnht)-.O33*(Ceoc/Lt)^20}*2O-3o 

Uht-.0034*Vh-.9l5;*20-3o 

Vv-(l+HtHv)".5*(Uto*H)".363*Svt"l  .O09*t1''.6OI*Lt"(- .  726)*(l  ♦Sr/Svt )' ,  21 7*nut .  337» 

( IMt  )-.363*(co8(Lvt ))"(-,  484);*20-3b 
Uvt -2*0 . I 9*Vv' 1.014; *20-3b 

Uf-II.O3•(ICInrl.2^)♦(q•IO"(-2))".245•(Uto•IO-(-3))^90•(Lngth/H)^6l;*2O-5 

Ulg-l29.l*(Uto*l0-(-3))*.66;*20-7 

Uhyd-23.77*(Ulo*l0*(-3))"l.l0;*20-35 

U f I -Hp 1 1  • ( 1 5* . 032*Ut  0* 1 0" ( -3 ) ) ; *20-39 

Ue I -He* ( 4 . 80* . 006*Ut  o* 1 0* ( -3 ) ) ; *20-40 

Ual-.l5*(Uto*l0''(-3));*20-42 

Ue9-346.98*((Uf9>Utron)*l0"(-3))".509;*20-44 

U9t-K9eo*Hcr"l.2}*20-50 

Uox-l6.89*Mcr''l  .494;*20-5l 

Uoc-201 . 66* ( ( Ut  r on*  200*Hcr )*IO"(-3))“.733;*20-63 

Ufe*l .0B*(Uto)'‘.7|ftht8  sauatlon  It  froa  Roekae  PortU 
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IThe  belov  equation  Is  the  operative  equation  shoe  root  *s  ore  seeking. 

V( J)«(-Uto)*Ue*Uht+Uwt ♦Uf ♦Ulg*Uhyd+Uf l♦Uel +Uel ♦Uos*Ust  •»Uox*Uoc*Urod*U(uol ♦Utron«ll 

pp+Ufc; 

end 

dlsp(Uto), 

lUto-  5.M90o*01  lbs 
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APPENDIX  E 


AEWI  XLS 


GROUP 

MOMENT 

IN  FRONT 

AIRFRAME 

X  Arm 

WING  (OUT) 

2250 

34 

WING  (WED 

3580 

30 

HORIZONTAL  TAIL 

445 

55  5 

NACELLES 

969 

25  5 

FUSELAGE 

2757 

29 

VERT  TAIL 

269 

58 

FUEL  ■ 

WING 

i4^0 

30 

BLADDER  (M) 

513 

30 

DUMPS  AND  DRAIN(M)  _ 

33 

CELL  BACKING  (M) _ 

109 

30 

TRANSFER  PUT^  (14) " 

iio 

30 

INFLIGHT  REFUELING 

45 

15 

ENGINES 

4000 

25.5 

ENGINE  CONTROLS 

lie 

20 

STARTING  SYSTEMS 

41 

HYOs 

LANDING  GEAR  (NOSE) 

2X 

13 

UNDING  GEAR  (MAIN) 

1473 

39 

HYD  SYSTEM 

1762 

30 

FLIGHT  CONTROL  SYS, 

2043 

30 

FlT  INST 

33 

io 

ENG  INST 

io 

10 

AIR  COND 

1159 

31 

OXY  SYSTEM _ 

134 

15 

ELECT  SYSTEM 

lies 

35 

MISC  INSf 

7 

10 

APU 

50 

25 

AVIONICS 

10000 

41 

RADOME 

3000 

33 

chaff/fLare  launch 

300 

33 
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AEW1  ,XLS 


I 

SEATS 

787  19 

I 

=SUM(B5;B58) 

XCG  FROM  "5"  FEET  FORWARD  OF  NOSE 

=D59/B59 

ZCG  FROM  "5  FT  BELOW  FUSELAGE 

=F59/B59 

lxx= 

=L59 

slugs/ft''2 

lyy= 

=M59 

slugs/ft ''2 

IZ2= 

=N59 

slugs/ft''2 

lxy= 

0 

slugs/ft  *^2 

lxz= 

=Q59 

slugs/ft ''2 

lzy= 

0  |slugs/ft''2 
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AEW1.XLS 


I 

=B53*C53 

9.5 

=B53*E53 

0 

r 

I 

! 

=SUM(F5;F58) 

- -  H 

_ 
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AEWt  XLS 
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AEW1  XLS 


_ I _ 

={C53-Xcg)''2 

=(G53)''2 

={E53-Zcg)''2 

=B53*(J53+K53) 

=B53*(I53+K53) 

L  !  ^  _  i 

=SUM(L5:L57) 

=SUM(M5;M57) 

=158/32.174 

=M58/32.174 
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Izz 


=B5‘(I5+J5) 


Be*(l8+J6) 


B9*(I9+J9) 


llzx 


=B5VC5-XcE)*(n5-Zcp) 


|=U6*(C6-Xce)’(n6-ZcE) 


=n7*(C7-XcB)*(  1:7-7.06) 


-B8*(C8-XcB)*(r;8-7.cg) 


=B9*(C9-Xcg)*(P:9-7xg) 


B12*(I12+J12) 


=BI2*(CI2-Xcg)*(F.I2-Zcg) 


=B10*(I16+J16) 


=Blf)*(C16-Xcg)'(FI6-7,cg) 


=B19*{I19+J19) 


=BI9*(C19-Xcg)*(r:19-7xg) 


B23‘(I23+J23) 


B25*(I25+J25) 


B26*(I26^J26) 


B27*(I27+J27) 


B28*(I284-J28) 


=232r(C21-Xcg)*(E21-7^g) 


^23*(C23Xcg)*(E23^Zcg) 


B25*(C25-Xcg)*(025-Zcg) 


=B26»(C26-Xcg)»(E26-Zcg) 


='B27*(C27-Xcg)*(E27.Zcg) 


=B28*(C28-Xcg)»(E28-Zcg) 


B37*(I37+J37) 


B39*(I39+J39) 


B4r(l41+J41) 

B42*(I42+J42) 


B43*(I43+J43) 


B48*(I49+J46) 


B48*(I48»J48) 


B50*(I50+J50) 


ftt-mi-iii 


=B36*(C36-Xcg)*(E36-Zcg) 


B37*(C37-Xcg)*(E37-Zcg) 


=B38»(C38-Xcg)*(r:38-Zcg) 


=B39*(C39-Xcg)*(E39-Zc8) 


=B4l»(C4l-Xcg)*(E4I-Zcg) 


=B42*(C42-Xcg)*(n42-Zcg) 


=B43»(C43-Xcg)*(E43-Zcg) 


=n44*(C44-Xcg)*(E44-Zcg) 


B46VC46-Xcg)*(E46-7xg) 


B47VC47-Xcg)*(E47-7^g) 


B48*(C48-Xcg)»(E48-Zcg) 


=B49»(C49-Xcg)‘(E49-Zcg) 


-B50»(C50-Xcg)*(E50-7^g) 


=B51’(C5l-Xcg)*(E5l-Zc 
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AEW1  XLS 


1 

=B53*(I53+J53) 

=0 

=() 

=B53VC53-Xcg)*(E53-Zcg) 

:  1 

=SUM(N5:N57) 

=0 

=0 

=SUM(Q5;Q57) 

=N58/32.174 

=058/32. 

=P58/32. 

=058/32.174 
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AEWl  XLS 


AEW1.XLS 


1 

SEATS 

787 

19 

149531  9.5 

7476.51  01 

179.9021 

] _ L _ 

51393 

1665789 

560703 

IXCG  FROM  "5"  FEET  FORWARD  OF  NOSE 

32.41276 

ZCG  FROM  "5  FT  BELOW 

FUSELAGE 

_ 

10.91011 

1  1 

lxx= 

100006.3 

slugs/ft''2 

II 

74175.85 

slugs/ft  *^2 

lzz= 

147693.2 

slugs/fl''2 

II 

>. 

X 

0 

slugs/fl''2 

lxz= 

-14.9335 

slugs/ft  ^^2 

_ [ZXL 

0 
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AEW1  XLS 


Izz 


tt95918 


Ixx 


1 192923 


50.251  1.187861205627.5  25093.2  222215.7 


20.7936  16.7272  16696.75  244637.8  246447.3 


95.0025  0.828301  92918  19  47107.511  138420  4 


3.648521 

10058.97 

1 

4.367639 

33723.89| 

1 

1  18786 

804130! 

1.18786 

29465.62 

1.18786 

11 15.636 

1.18786 

6280.727 

1.18786 

6318.165 

0.828301 

588.5235 

383563.2  194458.2  571395 


2445.083  17968.97  20221.89 


106842.2 

88937.84 

175666.7 

1 16944 

25179.25 

10257.33 

29194.79 

11893.15 

16604.28 

16576.95 

5031.601 

5023.318 

3689.968 

231X239 

£ 

2878.09 

40629.37 

■ 

12048.81 

7798.287 

3516.379 

3516.323 

3170.888 

2747.451 

745689.8 

737406.8 

197373.5 

1034.551 

2844  078 

103.4551 
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AEW1.XLS 


APPENDIX  F 


^  *nn?  f  limit ‘‘f  J  ?  f  lilt  k  ‘^tipn*  i  i»  if  :»l  \  it  fnil  St  7  M  H7  I 

|)rci|ftirr|  ff>r  0  7  l  ift  ^ 


^9 

(y/rl,^ 

ty/ct 1 

Q.OQO 

0 . 0000 

0.0000 

.  002 

.  0092 

-.0092 

.  005 

.0141 

-.0141 

.  010 

.0190 

- .0190 

KOI 

.  0252 

-  .  0252 

.  0294 

- . 0294 

.  040 

.  0327 

-.0127 

.  050 

.  0354 

-.0351 

.060 

.0377 

-.0376 

.  070 

.0197 

-.0196 

.080 

.0415 

-.0414 

.  090 

.0431 

-.0430 

.  100 

.  0446 

-.0445 

.110 

.0459 

-.0459 

.120 

.0471 

-.0472 

.110 

.0483 

-.0484 

.140 

.0494 

-.0495 

.150 

.0504 

-.0505 

.  160 

.0513 

-.0514 

.170 

.  0522 

-  0523 

.  180 

.0530 

-.0531 

.  190 

.0537 

-.0539 

.200 

.  0544 

-.0546 

.210 

.0551 

-.0553 

.  220 

.0557 

-.0559 

.230 

.  0562 

-.0564 

.240 

0567 

-.0569 

.  250 

.  0572 

-.0574 

.260 

.  0576 

-.0578 

.270 

.0580 

-.0582 

.  280 

.  0584 

-.0585 

.  290 

.058  7 

-.0588 

.  300 

.  0590 

-.0591 

.310 

.  0592 

-.0593 

.  320 

.0594 

-.0595 

.  0596 

-.0596 

.  0598 

-.0597 

.  350 

.  0599 

-.0598 

.  360 

.  0600 

-.0598 

.370 

.  0601 

-.0598 

.  380 

.0601 

-.0598 

.  190 

.  0601 

-.0597 

.  400 

.  0601 

- .0596 

.410 

.0601 

-.0594 

.420 

.  0600 

-.0592 

.430 

.  0599 

-.0589 

.440 

.  0598 

-.0586 

.450 

.0596 

-.0582 

.460 

.0594 

-.0578 

.470 

.0592 

-.0573 

.  480 

.0590 

-.0567 

.490 

.0587 

-.0561 

■ 

(y/f-l , 

.500 

.  0584 

- .0554 

.510 

.  0581 

-  .  0546 

.  0577 

-  .  053  7 

.  0573 

-  0528 

.  540 

.  0569 

-  .  0518 

.  550 

.  0564 

-  0508 

.  560 

0559 

-  0496 

.570 

.  0554 

- . 0484 

.580 

.  0549 

-.0471 

.  590 

.  0543 

-  .  0457 

.600 

.  0537 

-.0443 

.  610 

.  0530 

- . 0429 

.  620 

.  0523 

-.0414 

.630 

.0516 

-.0398 

.  640 

.  0508 

-.0382 

.650 

.  0500 

-.0366 

.660 

.0491 

-.0349 

.670 

.0482 

-.0332 

.  680 

.0472 

-.0315 

.  690 

.0462 

-  0298 

.  700 

.0451 

-.0280 

.710 

.0440 

-.0262 

.720 

.0428 

-.0244 

.730 

.  0416 

- . 0226 

.  740 

.0403 

-.0208 

.  750 

.  0390 

-.0191 

.  760 

.  0376 

-.0174 

.  770 

.  0362 

-.0157 

.  780 

.  0347 

-.0141 

.  790 

.0332 

-.0125 

.  800 

.  0316 

-.0110 

.810 

.  0300 

- . 0095 

.  820 

.0283 

- . 0082 

.830 

.  0266 

-.0070 

.  840 

.0248 

- . 0059 

.  850 

.  0230 

-  .  0050 

.  860 

.0211 

-.0043 

.870 

.0192 

- . 0038 

.  880 

.0172 

- . 0035 

.  890 

.0152 

-  .  0033 

.  900 

.0131 

-.0034 

.910 

.0110 

-  .  0036 

.920 

.  0088 

-.0041 

.  0065 

- . 0049 

.  940 

.  0042 

- . 0059 

.  950 

.  0018 

-.0072 

.960 

-.0007 

- . 0087 

.970 

- .0033 

- .0105 

.980 

-  .  0060 

-.0126 

.  990 

-  .  0088 

- . 0150 

1.000 

-.0117 

-.0177 

APPENDIX  G 

JZero  Itfl  drog  coofficent  of  entire  oircroft.  This  progron  ell  I  compute 
llsoloted  ports  of  the  aircraft  &  then  sum  them.  This  Is  from  OflTCOM. 

I - 

IPart  I !  Isolated  UIng 
Cr-l3.75!inoot  Chord  (ft) 

Cl-1;ITIp  Chord  (ft) 
toe.  iZiXThIckness  flotlo 
Lle"21*pl/1B05XLeadlng  Edge  Smeep  (rods) 

B-72:IUIng  Spon  (ft) 

HU-l.573*10‘(-1);*Ulscosltg  (ft"2/s) 

Ulnf«820;IFreestream  Uelocity  (ft/s) 
l•Ct/Cr;ITapor  Ratio 
B2-B/2!lHair  UIng  Span  (ft) 

TLIe*tan(Lle):kTangent  of  Leading  Edge  Smeep  (rods) 

Ctp-TLIe*B2i 

Crp«Cl+Ctp-Cr; 

Sfp-2*((02«(Cr*Crp))-(.5*B2*Ctp)-(.5*B2*Crp));IUIng  Rreo  (fl"2) 
Cb*(2/3)*Cr*((l*l*l*2)/(l*l));IC  bar  -  Meon  Aerodynamic  Chord 
Re*Ulnf*Cb/HU;XReynolds  Number 

Cbf"0.155*(logl0(Re))^(-2.5B)iJlflwerogo  Turbulent  Skin  Friction  Coefficient 
Cdom-2*Cbf*(l+(2*toc)*(lOO*tocM)),*Cdo  of  the  UIng.  egn.  1.1.5.1a 

I - - - 

IPart  2:  Isolated  Rotodome  (not  Including  Pylon) 

Crr“2l;Iflotodome  Root  Chord  (ft) 

Ctr-0;IHotodome  Tip  Chord  (ft) 
t ocr* .135; Iflot odome  Thickness  Ratio 
lr-Ctr/Crr;inotodome  Taper  Rotio 

Cbr*(2/3)*Crr*((l*lr*lr^2)/(l+lr))|IC  bor  -  Rotodome  Neon  Aerodynamic  Chord 
Ror*Ulnf*Cbr/HU;IReynold8  Number 

Cbfr-0.155*( loglO(Ror))*(-2.5B) jlRotodome  Rveroge  Turbulent  Skin  Friction 
ICoeffIclent 

Cdor“2*Cbfr*(l*(2*tocr)*(IOO*tocr*1));ICdo  of  Rotodome  prior  to  mult Ipl Icot Ion 
lof  Rotodome-UIng  Rreo  Ratio,  eqn.  I.I.S.Io 
Sr-pl*l2*2;IRotodomo  Rreo  (ft'2) 

Cdorp*Cdor*Sr/Sfp,ICdo  prime  of  Rotodome 

I - - - 

IPort  3!  Rotodome  Pylon  (Support) 

IThe  Pylon  has  been  approximated  as  a  ming  mith  the  fol losing  dimensions. 
Crs-l3;XRotodome  Pylon  Root  Chord  (ft) 

Cts-B;XRot odome  Pylon  Tip  Chord  (ft) 
toes*. 3; XRot odome  Pylon  Thickness  Ratio 
le^Cte/CrsfXRotodome  Pylon  Taper  Ratio 

Cb8"(2/3)*Crs*((l+l8*l8'‘2)/(1+l8));XC  bar-Rotodome  Pylon  Neon  Aerodynamic  Chord 
Ree<*Ulnf*Cbs/NU;XRdynoldo  Number 

Cbfs*0.155*( loglO(Re8))^(-2.58):XRotodome  Pylon  Average  Turbulent  Skin  Friction 
XCosf f Iclent 

Cdoe"2*Cbfi*(l+(2*loce)*(IOO*toce''1))iXCdo  of  Rotodome  Pulon  prior  to 
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XmuI t Ipl Icat Ion  of  Pylon-UIng  Area  Rotlo.  eqn,  4.l,5.1o 
33"(( t3*0)/2)^8.1;*Rototlo«e  Pylon  Area  (ft*2) 

Cdo8p*Cdo#*S8/Sfp,ICdo  prlie  of  RotodoMe  Pylon 

I — - - 

INOTEiThs  actual  Cdo  froii  Parts  2  t  3  808  obtained  fro*  Grueean  and  Is  0.008. 

I- - - 

tPart  t:  Isolated  Fuselage  (Body)  > 

IThle  progran  oseuaes  a  oglue  shaped  body. 

OeaxoBiltlax  OloReter  of  Fuselage 
Lb*55;XFu8elage  Length 
FR-Lb/Diax  j IF  I nenees  Rat  I  o 
Db« 1.0; IBase  0 1 aaet  er 
Reb“Ulnf*Lb/HU;IRoynolds  Huaber 

Cbfb*O.455*(loglO(flob))^(-2.50);IFuselage  Rueroge  Turbulent  Skin  Friction 
ICoef f Iclent 

SeoSb"l0.85;IFroR  USRF  SiC  OotCo*  Figure  2.3.3 
Sb"pl*4''2;IFrontal  Rrea  of  Fuselage 

Cdof-1 .02*Cbf*(t+(1 .5/(Lb/0*ax)"1 .5)*(7/(Lb/0»ax)‘3))*S«oSb!lCdo-Fuselage  Skin 
IFrIctlon.  First  port  of  eqn.  4.2.3. I o 

Cdobb*(0.029*(0b/0Rax}""3)/(sqrt(Cdof));IBose  Pressure  Cdo.  eqn.  4.2.3.1b 
Cdob«Cdof>Cdobb;ICdo  of  Fuselage  prior  to  ault Ipl Icat Ion  of  Fuseloge-UIng  Rrea 
IRatto.  eqn.  4.2.3.1a 
Cdobp"Cdob*Sb/SfPilCdo  prlRs  of  Fuselage 

I . - . . 

IPart  5;  Isolated  Horizontal  Tall 
Crh"9:fHorlrontol  Toll  Root  Chord  (ft) 

Cth-6;IHorlzontal  Tall  Tip  Chord  (ft) 

Clhp*3; 

toch*. l2:tHor Izontal  Toll  Thickness  Rot  I o 
Bh2*l2;fHor Irontal  Toll  Holf  Span 
lh-Cth/Crh;IHorlzontal  Toll  Toper  Rotlo 

Cbh*(2/3)*Crh*((l*lh*Ih^2)/(Ulh));IC  bor-Horlzontal  Tall  Hean  Rerodynanic  Chord 
Reh-Ulnf*Cbh/HU;lfleynolds  Hueber 

Cbfh"O.455*(loglO(Reh))“(-2.50);*Horlrontol  Toll  Rueroge  Turbulent  Skin  Friction 
XCoeff Iclent 

Cdoh"2*Cbfh*(!*(2*toch)*(IOO*toch"4));ICdo  of  Horironlol  Tall  prior  to 
Xeult Ipl Icat Ion  of  Horizontol  Toll-UIng  flreo  Rotlo,  eqn.  4.3.3. lo 
Saph-2*(Crh*Bh2-.5*Bh2*Cthp);IHorlzontol  Toll  Rreo  (fl"2) 
Cdohp*Cdoh*Saph/Sfp,XCdo  pries  of  Horizontol  Toll 

I- - - 

IPort  6:  Isolated  Uerticol  Toll 
Crv-6:IUert Icol  Toll  Root  Chord  (ft) 

Ctu-3;IUort Icol  Tall  Tip  Chord  (ft) 

Cthp"3; 

tocu*. l2;tUert leal  Tall  Thickness  Ratio 
lw*Ctu/Cru|IUept leal  Tall  Taper  Ratio 

Cbo*(2/3)*Cru*((1  +  lu*lu'‘2)/(l*lu)):IC  bor-Uertlcal  Tall  fleon  Rerodunaelc  Chord 
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Rev"Ulnf*Cbv/HU;IReynold9  Huaber 

Cbfu"O.155*(loglO(Rew))^(-2.50);IUert Icol  Tall  flueroge  Turbulent  Skin  Friction 
ICoef f Iclent 

Cdoy“2*Cbfu*(1+(2*locu)*(IOO*locy"1));ICdo  of  UertIcol  Toll  prior  to 
fault  Ip  I  teat  Ion  of  Uertical  Talt-UIng  Rreo  Ratio,  eqn.  T. 1,3. la 
Sapu-90jlUort leal  Tall  Rrea  (ft'2) 

Cdovp"Cdou*Sapu/Sfp,ICdo  prime  of  Wert  leal  Toll 

I - 

ITotal 

Cdo*Cdoa+Cdorp+Cdoflp*Cdobp+Cdohp*Cdowp,ITolol  Rlreroft  Cdo.  eqn. 1.5. 3. lb 
Cdoo-Cdoa* .008+Cdobp»Cdohp+Cdovp,ITolal  Aircraft  Cdo  using  octuol  rotodome  droq 
Inforaat Ion. 

t - 

ICdo  -0.0177 
ICdoa-0.0205 
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APPENDIX  H 


IThls  progron  Is  designed  to  colculote  the  Coefficient  of  Drag,  LIft-to-Drog 
*notlo,  Thrust  Required,  Poeer  Required,  Poeer  Ruolloble,  Excess  Poeer,  Rote 
lof  Clleb,  Endurance  ond  Range.  Thd  equations  are  found  In  any  Inlrductory 
laircroft  book.  This  anaIXysIs  eas  perforeed  using  Anderson's  "Introduction  to 
*F I Ight ,  Chopter  6. 


Cdo-0.0205;inircraft  Coefficient  of  Orog 
nn-8 .11; XRspect  Rat  I o 
e“O.0;XEf f Iclency 
U-53000:XRIrcraft  Uetght 
Ufusl~M000;XFuel  Uelght 
Ue-53000-M000;XEepty  Uelght 
no-. 0023769* liXOens I ty  (sl/ft"3) 

SIG-RO/. 0023769; XDens I ty  Ratio 
Thr-25100*(SIG);XThrust 
SFC-0.33/3600;XSpecl f Ic  Fuel  Consueptlon 
S-639:XUIng  Rrea  (ft^2) 

K-l/(pl*Rn*e); 

T-l ;Xcounter 

for  R-.05: .05!3,XThls  Is  the  range  of  Cl  chosen. 

CI(T)-R;XCoefffclent  of  Lift  llatplx 
Clsq(T)-R"‘2;XCI  squared 

Cd(T)-Cdo*k*n*2;XCo*puted  Cd  flotrix.  eqn.  6.1c 
LoD(T)-CI(T)/Cd(T);XLIft-to-Drog  Rotlo  (eox  L/D-16) 

Tn(T)-U/Lo0(T);XThru8t  Required  for  Level,  Unoccelerated  Flight,  eqn.  6.15 
U(T)-sqrt(2*U/(R0*S*CI(T)));XUeloclty  colculoted  fro*  Cl.  eqn.  6.16 
PTn{T)-.5*R0*U(T)*2*S*Cdo;XPoroslt Ic  Thrust  Required  for  Level,  Unacceleroted 
XFIIght.  eqn.  6.17  (1st  part) 

ITn(T)-.5*nO*U(T)‘'2*S*K*n"'2;Xlnduced  Thrust  Required  for  Level,  Unocceleroted 
XFIIght.  eqn.  6.17  (2nd  port) 

PR(T)-TR(T)*U(T);IPoeor  Required  for  Level,  Unocceleroted  Flight,  eqn.  6.23 
PRp(T)-eqrt(2*U"3*Cd(T)"2/(flO*S*CI(T)''3));XPoeer  Required  for  Level, 
XUnocceleroted  Flight  (double  check),  eqn.  6.26 

PPn(T)-PTfl(T)*U(T);XParoslt)c  Poeer  Required  for  Level,  Unocceleroted  Flight 
IPfl(T)-ITn(T)*U(T);llnduced  Poeer  Required  for  Level,  Unoccelerated  Flight 
Pnp(T)-Thr*U(T);IPoeer  Rvalloble  (the  slope  of  this  line  Is  the  thrust) 

EDR ( T ) - ( I /SFC ) •Lo0( T ) ♦ I og ( U/Ue ) ; XEnduronce .  eqn . ( 6 . 63 ) 

nHG(T)-2*sqrt(2/(R0*S))*(l/SFC)*(sqrt(CI(T))/Cd(T))*(sqrl(U)-sqrt(Ue)):Xnonge- 

Xeqn.(6.60) 

Gong(T)-oton(l/LoD(T))*(10O/pl);XCIIde  ongle  (In  degrees),  eqn.  6.17 
XGrng(T)-H*LoD(T);XGIIde  Ronge.  figure  6.30 
T-T*l ;Xcounter 
end 

X-l ;Xcounter 

for  Ufl-0!35.7!999.6,  XO  to  1000  fpe 
Unn(X)-UR;XVeloclty  Ratrlx 

Pfl(X)-Thr*UR!lPoeer  Rvalloble  Hatrix  (Thr  Is  the  slope  of  this  line) 
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X»X*I  I'lcounter 
end 

PS-Pflp-Pn;IExce99  Po»er  flotrix.  eqn.  6.12 

RoC"PS/U;IRotB  of  Cl  lib.  eqn.  6.13 

Thel"09ln(RoC./U) . *( IBO/pl) ;lcl Imb  angle,  eqn.  6.11 

Idlop(LoD), 

ldl9p(PS), 

fdl9p(RoC.*60), 

fploKCd.CI), 

lplot(Cd,Cl9q), 

IploKU.TR), 

fplot(U,TR,U,PTR.  •  — •,UJIR,  •  — 

lplot(U,PR,U,PPR,  •  — •  ,U,  IPR,  •  — ■  .U.Pflp,  ’x’  .URU.PR,  ’  -  ’ 

lplot(U,EDR./3600), 

lplot(U,RHG./6000), 

fplot(0,RoC*60), 

I— - - - - - — 

Sthl9  I9  a  re9ul(  of  actual  thruot/poeer  obtolned  free  OHX/OFPX 
PR9l-t0317933  11130570  13370120  I3693I7I  11010122  13970359  13B52273]jIactual  PR 
Ratrlx  ot  sea  level 

Pfl15  -I .0e*07*t0.53l7  0.70061  0.0316  1.13623  I .2203J jlPoeer  fluolloble  at  15K 
Pfl35  -I.0e*06*t2,2601  3.0139  3.6222  5.5050  6.2335]jIPoeer  Rvolloble  ot  35K 
ll9l-[.3  .4  .5  .6  .7  .0  .9]i 
fl-U./(lll6); 

I1ae-Uflt1,/(III6); 
fll5-[.3  .4  .5  .0  .99); 
n35-(.3  .4  .5  .0  .9]) 

*plot(M,PR,  'oMI.Pflp,  '-Mloe.PR,  ’-•,IJ,Pfl,  •-M135,PR35, 

PSRI-I.0e+07*10  .2195122  .6505366  .0700400  1.0341463  1.03  .9993  .9105  .0093 
.0443  .0046  .7692  .7374  .7007  .6025  .6566  .6365  .6161  .5972  .5796  .5631  .5177 

.5332  .5194  .5065  .4942  .4025  .1714  .4609  .1500  .1411  .4310  .4230  .4144  .1062 

.3903  zeroed, 25) J,< 

PSR2-I.0e*07*[zero9(l,36)  .3907  .3034  .3763  .3694  .3620  .3563  .3501  .3111  .3302 
.3325  .3269  .3215  .3163  .311  .3062  .3013  .2966  .2920  .2074  .2030  .2707  .2715 
.2703  .2663  .2623]} 

PSR»PSfldPSfl2;loctuol  PS  (exceae  poser)  eotrix  ot  Seo  Level 
nfll-t.04  .6  ,7  .6  .5  .45  .4190  .3006  .3635  .3427  .3252  .3100  .2960  .2052  .2710 
.2655  .2571  .2494  .2424  .2359  .2299  ,2244  .2192  .2114  .2099  .2056  .2017  .1979 

.1943  .1909  .1077  .1047  .1010  .1790  .1763  .1730  .1711  .1690  .1660  .1617  .1626 

zeros( 1,20)]; 

rifl2- (zeros (1,41)  ,1606  ,1507  .1560  .1550  .1533  .1516  .1500  .1404  .1469  .1151 
.1440  .1426  .1412  .1399  .1306  .1374  .1362  .1350  .1339  .1327]; 

11R-llRdllR2; 

RoCn-(PSn./U)*60;lactual  RoC  Hatrix 
fplot(tin,RoCn), 

PSR15I-I.0o*06*(0  1.052  4.259  5,556  6,204  6.296  5.926  5.6713  5.4431  5.2319 
5.0362  4,8543  4,6046  4.5260  4,3771  4.2371  4.1051  3.9004  3.0621  3.7499  3.6431 
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3.5113  3.1111  3.3511  3.2620  3.1766  3.0911  3.0151  2.9391  2.8660  2.7951 
zero9( 1,28)1; 

PSni52-1.0e*06*[«ro8(1,3l)  2.7267  2.6605  2.5963  2.5312  2.1739  2.1151  2.3585 

2.3032  2.2191  2.1970  2.1160  2.0962  2.0177  2.0003  1.9511  1.9089  1.8617  1.8215 

1.7792  1.7378  1.6973  1.6575  1.6186  1.5801  1.5130  1.50621; 
PSR15-PSRI5l+PSni52;loctua1  PS  (exc««9  pomp)  Mtrlx  at  15K 
RR15l-{.957  .9  .8  .7  .6  .5  .15  0.1023  0.3052  0.370)  0.3566  0.3115  0.3336  0.3236 
0.3115  0.3061  0.2901  0.2912  0.2815  0.2702  0.2721  0.2669  0.2617  0.2560  0.2522 

0.2170  0.2136  0.2396  0.2359  0.2323  0.2200  0.2255  0.2221  0.2191  0.2165 

zerosd  ,22)1; 

tIR I 52- [zeros (1,35)  0.2137  0.2110  0.2001  0.2059  0.2035  0.2012  0.1989  0.1967 
0.1916  0.1926  0.1906  0.1007  0.1060  0.1050  0.1033  0.1816  0.1799  0.1703  0.1767 
0.1752  0.1737  0.17231; 
t1R15-l1R15d11R152; 

RoCR15-(PSR15./U)*60;facluol  RoC  llatrlx 
lplot(l1R15,RoCfl15,’  — *). 
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tlhls  progroa  coMputes  the  tokeoff  ond  londing  distonces  for  the  flEU  nircroft 
It  Is  based  on  the  ona lysis  presented  In  chopter  10  of  HIcolol. 

*— - - 

Ulo"l05;fyeloclty  at  lift  off 
T”25100!lthrust 

^32, I7:foccolerat Ion  due  to  graulty 
U’53000:leelght 
Cdo".02;lporaslt Ic  drag 
S”639;ltotol  elng  area 

n0-.0023769;ldenslty  (90  deg.  day— >002211 ) 

Cl"2.01;tcoef f Iclent  of  lift 
b*72;lelng  span 

h"l I .Ijlhelghl  of  alng  above  ground 

rh-(( l6*h/b)"2)/( I ♦( ( 16*h/b)'2) ) : 

nn»0. 1 1 ilospect  ratio 
e*.0;leff Iclency 
i:-i/(pi*e*nn); 

L-.5*n0*Ulo''2*S*CI|*llfl 
Cd“Cdo*(Ph*CI*2*K)jfcooff Iclent  of  drog 
D-.5*RO*Ulo*2*S*Cdjtdrag 
fr«.01;Ifrlct Ion 

S(o-(0lo'2*(U/g))/(2*(T-(0*fr*(U-L)))),fdlstonce  to  tokeoff 
Sro»3*yio,ldlstonce  to  rotate 
flf*U(o‘2/(g*(l .  152-f  )),'frodlu9  of  rotation 
Scl-nf*9ln(. 16970), 

Htof-nf*(1-co9(. 16970)), 

Sob3-(50-lltof)/ton(.  16970), 

Stot-S1o»Sro>Scl ♦Sobs, 

Sloo-1 .11*U*2/(g*n0*S*3*(T-(0»fr*(U-L)))). 

I - - - - - 

U 1-170005 
CI»-3; 

U9-sqrt(2*U1/(CI»*RO*S))5 
UI-1 . 2*095 
Ulf-1 .235*09; 

C1f-2*Ul/{R0*01f''2*S): 

Cd-Cdo*(Ph*C1*^2*K);lcooff Iclent  of  drog 

0-.5*R0*0r2*S*Cd;ldrog 

frl-.5; 

R1f-0lf'2/(g*(1.22-1)), 

Sgl-(5O-(R1f*(1-co9(2*p1/1OO))))/ton(2*pl/l0O>, 

Slf-Rlf*9ln(2*pl/10O), 

SI-l.69*U*2/(g*R0*S*C1«*(T-(0»frl*(U-L)))).*londlng  rollout 
Slfl-Sgl»Slf»SI, 

I - - - - - 
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APPENDIX  I 


XThls  progroM  •III  coMPUta  the  stabflltg  derluotluea  for  three  flight 
conditions.  The  conditions  el  1 1  be  at  I1-0.2,  0.10,  0.T8.  Corresponding  altitudes 
•  III  be  h*sl,  30K,  ond  30IC  respect luely.  These  conditions  ell  I  be  denoted  by  o 
1,  2,  and  3  respecHudly.  XUhen  paraeeters  haue  defined  elth  little  aore  thon  on 
educated  guess,  It  elll  be  denoted  elth  o  *  syabol.  Calculations  are  done  IHU 
Roskoa  Part  01. 

I - 

U*17000;X»ld  ronge  eelght 
S*639,'Xalng  reference  area 
Lcl-IT.S’pl/IOOjIseeep  at  quarter  chord 

r-l/(pl*.8*8.11)j 

Cdo*0.02;Xparoslt Ic  drag  coefficient 
Ceosf--.  t512iXnosl(aa  Part  Ul.Chop  8 

dC«dCI“-.215iX(0Ce/dCI)ayorago  of  DatCon  I.  Rosko*  results 

0“l :Xcounter 

for  n-. 2: .28! .77, 

If  n<0.3, 

P"2I l6.2jXpressure  •  seo  level 
else 

P-2M6.2*.2975;Xpreseure  •  30K 
end 

CL(Q)-U*2/(1.'f*P*f1"2*S)jXcoefflclent  of  lift 
C*(Q)*C«oef*CL((J)*dC«dCI ;f I Inear  RORent  coefficient 
C0(g)-Cdo*r*CL(0)''2jldrag  coefficient 
CDu<Q)-(-D»IC*CL(0)"2;leqn(lO.IO) 

CLu(0)-(fl"2*coa(Lc1)"2*CL(0))/(l-l1“2*cos(Lc1)'2);Xeqn(10.l1) 

Q-g»l ;lcounter 
end 

X - - - - - 

CLa-{V822  5.17  6.25j;lcoRputed  In  the  Lift  Curve  Slope  progroR. 

CRO-dCRdC I . *€10 ; Xeqn( 10.19) 

g - 

Sh"l80;Xhorlrontol  toll  surfoce  orea 

Xboch*(25. 7/9. 77),'Xdef Ined  In  chopter  10,  Page  380 

Xbcg"(5. 1/9.77))Xdef Ined  In  chapter  10,  Poge  380 

odo-. 95;l*horlzontol-to-freestreoR  dynoRic  pressure  (qh/q) 

deda*0.33;l*doRnRash  gradient  at  horlzontol  tall  (page  272) 

CLoh-[3.00  3,35  4,43j}l*llft  curve  elope#  of  the  horlzontol  Ivertlcol  tolls 
Ubh-(Xbaeh-Xbcg)*(Sh/S):thorizontal  (oil  voluRe  coefficient 
CLod-2*oda*dedo*0bh.*CLah;ICI  olpho  dot 
CRod-(-2)iodo*dedo*Ubh*(Xbach-Kbcg).*CLohjlCR  olpho  dot 

X - - - - 

XThls  concludes  the  longitudinal  calculations  FOR  HOU  and  begins  Lot-OIr 
Xcalculat Ions. 

X . . . . 

XI)  CuO-sIdeforce-due-to-eldesI Ip  (10.2.4.1.1) 
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Dlh"2;ldlhedral  (In  degrees) 

Kl-1 .73;*froii  figure  10.0  (2x--3.3  4  df/2-1) 

no"3.5;lradlu8  of  fueeloge  ehere  the  floe  ceoses  to  be  o  potential  (f  IglO. 10, 1 1 ) 

So"pl*Ro'2;Iarea  at  that  point 

Bv"IO:ltotal  span  of  the  uertical  tall 

Su«i5;lar80  of  one  of  the  vertical  tolls 

fly-By^2/Su;luert Icol  toll  aspect  rotio 

Durot lo"l .O20;lfroe  figure  10.19 

fluef  f“fly*Rurot  1o;fef  feet  lue  flu 

CyDuef f*3;Ifroe  figure  10.10 

Cyrot lo«O.065;l  fro*  figure  10.17 

CyOe—. 00573*01  h;«CyO  of  the  eing 

Cy0f"(-2)*KI*(So/S);ICyB  of  the  fuselage 

Cy()y“(-2)*Cyrat lo*CyBuef f*(Sy/S);tCy0  of  the  verticol  tall 

CyB"CyBe*CyBf*CyBy!lthe  grand  totol 

% - 

*2)  CIB-rollIng  eoeent-due-to-sldesl Ip  ( 10.2. i . I . 2) 

CI0CI--.00I jllfroe  figure  10.20.  Iterating  beteeen  toper  ratio  of  0  4  .5 
4eL-{l.01  1.125  1.3J;fflgure  10.21  using  11-. 2, .40. . 76  8.  c/2-15  degrees 
)Cf-0.97jlflgure  10.22 
CIBCIfl-.0002;Iflgure  10,23 

CIBOIh--.00022jlf Igure  10.21.  Iteroting  beteeen  toper  rotio  of  04  .5 
B”72;lelng  spon 
RR-0. 1 1 ilospect  ratio 
Ofaye-((pl*3.75‘2)/.7051)".5} 

4CIB0lh-(-,0005)*fln*(0fove/B)"2; 

KeOlh-d.OI  1.07  1.2j5*f  Igure  10.25  using  I1-.2,  .10,  .76  4  c/2-15  degrees 

Ze--3.5;fsee  figure  10,9 

*CIBre- .0l2*fln" .5*(Z»/0)*(Ofoue/B) ; 

stan*0.91;l*tan( 17.5)1  lies  elng  tslst  of  (-3)  degrees,  sse  pogs  397 
4C1Bet--.000031:»f Igure  10.26 
for  (J-1 : 3, 

C1Bef(0)-57.3*(CL(0)*(CIBCI*4eL(0)*Kf*CIBCIR)*Dlh*(CIBDIh*i:«iDlh(0)*ACIBDIh)*ACin7 

•♦eton*4CIBet ) jICIB  of  the  alng-fuselage  coeblnotlon 

end 

Bh-21;lhorlrontol  toll  span 

C1Bhf-.65.*CIB»f;I*CI0  of  the  tol l-fuseloge  coeblnotlon 
CIBh-(Sh*Bh/(S*B)).*CIBhf!*CIB  of  the  horizontal  toll 
2u-1;l8ee  figure  10.27 
Ly-21:l8ee  figure  10.27 

al f“pl/180*( 10  1  0];lest Isoted  fl.O.fl  fro«  the  respectlue  Cl's 
CI0u-CyB*((2v. *008(01 f)-Lv. *810(01 f))/B){*CI0  of  the  verticol  toll 
CIB“CIBef*CIBh+CIBw;llh8  grond  totol 

I - - - 

13)  CnB-yooIng  noMent-due-to-sIdesI ip  (10.2.1.1.3) 

CnB»-0 ! loppr ox  I  sot  s 
Kn-. 001 65:1  flours  10.28 
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Krl-» ,55;**flgure  10.29 
Sf8“376jIopproxl«ate  fuselage  side  areo 
L f“55;*fu9eloge  length 

Cnf)f-(-57.3)*t:n*»:rl*(Sf9*Lf/(S*B)):ICnO  of  the  fueeloge 
CnBu"(-Cy(}u)*( (Lv. *C09(al f ) ♦Zu . ♦elnfol f ))/B) ;ICnB  of  the  uerticol  toll 
Cn0"CnB»*CnBf ♦CnOujflhe  grand  totol 

I - 

II)  CyBd-eldeforce-due-to-rate  of-sldeellp  (10.2.5.1) 

Slgba-l-.023  -.025  -.02fll!lf Igure  10.30 
Slgbd-{ .81.07. 90];lflgure  10.31 
Slgbet-l-.02  .022  -.021];lf Igure  10.32 
Slgbef-t.l1  .115  .15j;lflgure  10.33 
et-(-3) :f*elng  telet  In  degrees 

Lp-26jlquarter  chord  of  eing  to  quarter  chord  of  uerticol  toll 
Zp-IOjIfroe  bottoe  of  fuselage  to  quorter  chord  of  the  uertical  toll 
for  0-1:3, 

dSlgd0(0)-Slgbo(0)*alf(0)*100/pl*Slgbd(0)*(0lh/57.3)-Slgbet(0)*et»SlgbBf(0):»'*qn. 

10.17 

Cy0d(0)-2*dSlgd0(Q)*(Su/S)*((Lp*co9(olf(0))*Zp*sln(olf(0)))/B)!leqn.  10.16 

I- . - . - - - - - 

15)  CIBd-rollIng  eoient-due-to-rote  of-sidesllp  (10.2.5.2) 
CI0d(0)-Cy0d(0)*((2p*co9(alf(0))-Lp*9ln(olf(0)))/B)5*eqn.  10.18 

I . . 

16)  CnOd-yaefng  eoeent-due-to-rate  of-sfdesffp  (tO.2.5.3) 
CnBd(0)-CyBd(0)*((Lp*coe(olf(0))*2p**ln(alf(0)))/B)!leqn.  10.19 

I . . . — . - . 

17)  Cyp-  sideforce-due-to-rol I  rate  (10.2.6.1) 
Cyp(0)-2*CyBu*((Zu*co9(alf(Q))-Lv*9ln(olf(0)))/B)!leqn.  10.50 
end 

I - - - 

10)  CIp-  rolling  eoeent-due-to-roM  rote  (10.2.6.2) 
for  0"l 

Bna(0)-(l-W1(0)'2)-.5;leqn.  10.53 
Kno(g)-(CLo(0)*0na(0))/(2*pl);Ieqn. 10.51 
end 

CLorot lo-l ;f 1 1 f t  coefficient  rotio 
BCIpk-(-.19  -.10  -.13j;fflgure  10.35 

Clpdr-1-1*Ze/(B*8ln(2*pl/1OO))*12*(Ze/B)"2*(9ln(2*pl/10O))“2;leqn.  10.55 

Clp0CLr--.0015;lflgure  10.36 

C0oo-.0059;Ifro»  the  COo  progroe 

Clph-0;lapproxleate  froe  eqn.  10.59 

Clpu-CyBu*2*(Zw/0)'2;feqn  10.60 

for  0-1:3, 

Clpdrog(Q)-ClpOCLr*CL(g)'2-. l25*C0oe;leqn.  10.56 

Clpe(0)-BCIpk(0)*(»:na(0)/B11a(g))*CLorotlo*Clpdr*Clpdrog(0);leqn.  10.52 
end 

Clp-Clph«Clou«’Clpeilthp  qrond  total  (IlnelOO) 
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*9)  Cno-  u«lno  ■OMnt-due-to-rol  I  rote  (10.2.6.3) 

Cbor-9.77;iri.n.C. 

Xbar~0;f diet once  fro*  thoc.g.  to  the  a. c.  (posllyo  for  o.c.  aft  of  c.q.) 
Cnpet-.OOOlilfIgure  10.37 

C0-coa(Lc4):C02-(co9(Lc1))*2:Tn-ton(Lc1),'fn2-tan(Lc‘1)"2; 

CnpCI00-(-l/6)*(nR+6*fnR+C0)*((Xbar/Cbar)*Tn/nR*Tn2/l2))/(nn*1*C0)!*eon.  10.65 

for  0”f !3> 

Bno((J)-(f-nn(Q)"2*C02)\5:*oqn.  10.61 

CnpCIOn((J)-((RRH*CO)/(OR*Bnp(0)H*CO))*((RR*Bnp(0)»  5*(RR*Bnp(0)«CO)*TO2)/(nn*  5 
• ( RR>C0) *102 ) ) •CnpC 1 00 } loqn .  10.63 
Cnp*(0)-(-CnpCIOt1(Q))*CL(0)*Cnpet*el •loqn.  10.62 

Cnpv(0)-(-(2/(B"2)))*CyBu*(Lu*co9(olf(0))*2v*9ln(olf(0)))*(2u*co9(olf(0))-Lo*9ln( 

olf(0))-Zu);*eqn.  10.67 

end 

Cnp-Cnp**Cnpu,lthe  grond  total 

I - - - 

Ibock  to  the  longitudinal  derluatlueo  briefly 

I - - - 

*9)  Clq-  llft-due-lo-pitch  rote  (10.2.7.2) 

X*>0;Xftgure  10.39 
for  0-1:3. 

Clq*IIO(Q)-(.5*2*X*/Cbqr)*CLa(0)jIeqn.  10.71 
Clq*(0)-((nn*2*CO)/(fln*Bnp(0)*2*CO))*Clq*l10(q);l#qn.  10.70 
C1qh(0)-2*CLah(0)*Ubh*odo;feqn.  10.72 
end 

Clq-C1q*+Clqh,lthe  grand  total 

I- . - - - - - 

110)  C*q-  pitching  *ORent-due-to-pltch  rote  (10.2.7.3) 
for  0«1 ; 3, 

C*g(Q)-l.1*(-2)*CLah(q)*oda*Ubh*(Xboch-Kbcg)jleqn.  10. 7B  times  1.1  to  occount 
Ifor  the  ■Ing-body  component .This  Is  from  Roskom's  "Rirplone  Flight  Dynamics  ond 
XRutomotlc  Flight  Controls"  book  Port  1,  pogo  IBB. 
end 

I - 

Xbock  to  the  lot-der  derluotlues  briefly 

I - - - - - 

111)  Cyr-  sldeforce-due-to-yo*  rote  (10.2.8.1) 
for  Q-l :3, 

Cyr(0)-(-2)*CyBu*(Lv*co9(alf(0))^Zu*9ln(alf(0)))/B;leqn.  10. BO 
end 

I - - - 

112)  CIr-  rolling  moment-due-to-ya*  rote  (10.2.8.2) 

ClrCL00-.257jlflgure  10.11 

*Clrdlh-.083*pl*RR*8ln(Lc1)/(0R*1*C0);leqn.  10.81 
*Clret-(-.0M):ingure  10.12 
for  0-1 :3. 
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HUI-l>((Rn*(1-Bnp(0)"2))/(2*Bnp((J)*(fln*enp(0)*2*CO)))*((nR*BnD{0)*2*CO)/(nn*Bnp(0 
)*1*C0))*Tfl2/8;fnuterotor  of  eqn.  10.83 
DEI-f*((flR*2*C0)/(fln+1*C0))*TR2/fl!ldanoBlnotor  of  eqn.  tO.83 
ClrCL0n(g)-(HUI/DEl)*ClrCL00j«eqn.  10.03 
Clr»((J)-CL(0)*ClrCLOn(0)*iClrdlh*Olh*lClret*et;Ieqn.  10.02 

Clry(0)-{-(2/(B*2)))*Cy0w*(Lu*co8(alf(g))*Zu*9ln(alf(0)))*(Zu*cos(olf(0))-Ly»9ln( 
olf(g)))jleqn.  10.07 

end  , 

Clr-Clrp*Clru:llhe  grond  totol 

X - L - 

II3)  Cnr-  yoalng  Konent-due-to-yos  rate  (10.2.8.3) 

CnrCLp-0;*flgure  lO.ld 
CnrCDo-(-.35);lflgure  10.-15 
for  g-);3, 

Cnr»(  g)  •CnrCLr  *01  ( g)  '‘2+CnrC0o*C0o«  j  I  aqn .  10.07 

Cnrw(0)-(2/(B"2))*CyBy*(Lw*co8(a1f(g))*2y*9)n(o1f(0)))"2!*8on.  10.88 
end 

Cnr"Cnra»Cnry;lthe  grand  total 

X - - - - - 

tEleuotor  control  derlyatluea  (10.3.2) 

I . . 

Kb-.‘17)lflgure  0.52 

C1dCldt*.02;l*f Igure  0,15.  Hoteithe  aleyotor-to-hor.  toll  chord  ratio  t  the 
lol leron-to-chord  potio  ore  obout  thd  eo«e.  Thie  le  Ipportont  for  eeetlon  17). 
Cldt-5.2{fr)gure  0.H 
Kprlae*! slopproxlMote  (figure  0.13) 

RdCLfldcl-I.OZsf figure  8.53 

fl I f  de-Kb*C I dC I dt  *C 1 dt  *fldCLndc 1 • ( Kpr I ee/ ( 2*p I • , 80 ) ) } l•eqn .  10.91 

I - - 

111)  Clie-  1 1 ft-due-io-e levator  (10.3.2.2) 
for  g*l :3, 

CLIh(g)-oda*(Sh/S)*CLoh(g)j*eqn.  10.91 
CUo(0)-fllfdo*CLIh(g);Ieqn.  10.95 
end 

f . - . — - - 

115)  CeAe-  pitching  ■oaent-due-to-eleuator  (10.3.2.3) 
for  g*  1 : 3 , 

Celh(g)-oda*Ubh*(-CLah(g))!leqn.  10.91 
C»*o( 0) -fl 1 f do*Ce 1 h( g) j  Xeqn .  10.95 
end 

I . . 

XRIIeron  control  derluatlvee  (10.3.5) 

I — - - - - 

116)  CyAO-  eldeforce-due-to-al leron  (10.3.5.1) 

CyAa*0;Xeqn.  10.105 

X - - 

117)  CIao-  rolllnq  ■oeent-due-to-ol leron  (10.3.5.1) 
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bCpUk-{.-1  .395  .305J:Iflgure  10.16b 
for  Q-f :3, 

CplA(0)-(>:na(Q)/Bria((J))*bCpl4k(0);leqn.  10.107 
nffd8lo(0)-(CldCldl*Cldt)/CLo(0);«eqn.  10.109. 
Cli(0)-fllfdela(0)*Cpl*(0):«eqn.  10.100 
end 

Clio-2*Cli!*0qn.  10. til 

% - 

110)  CnAO-  yoalng  •o«ent-due-to-al leroo  (10.3.5.1) 

Ka--.ll5:lflgure  10.10 
for  0-1:3, 

Cn4o(0)-l:o*CL(0)*ClAa(0);leqn.  10.111 
end 

I - 

119)  CyAr-  eldeforce-due-to-ol leron  (10.3.0.1) 

Su2-90!llotal  uertlcol  toll  oreo 
»:p2-.0jlflgure  0.13 
CldCldt2-.02il«flgure  0.15 
Cldt2-5.7!lflgure  0.11 

for  0”) !3i 

CyAr(0)-CLah(0)*»:p2*»:b*CldCldl2*Cldl2*(Sw2/S);leqn.  10.123 
end 

t . — . . . - - - - - 

120)  CIap-  rolling  ■oaent-due-to-ol leron  (10.3.0.2) 
for  0-1:3, 

ClAr(O)-CyAr(O)*((Zw*co0(alf(O))-Lv*eln(olf(O)))/B);*eqn.  10.121 
end 

«— . . . - - - - — 

121)  CnAr-  yoelng  loaent-due-to-ol leron  (10.3.0.3) 
for  0’l:3, 

CnAr(0)-(-CyAr(0))*((Ly*cos(alf(0))*Zw*slo(olf(0)))/B);*oqn.  10.125 
end 

I - - - 
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APPENDIX  J 

JIhls  progron  •III  colculote  the  dgnoalc  choroct er I st I cs  of  the  flEU  aircrott. 
The  progroMing  le  bosed  on  the  dynoalc  approx  I  mot  lone  presented  in  Etkln  e 
book,  FIret  edition,  51959,  Chapters  6  t  7.  Stobllltg  Derlootlues  ore  ocqulred 
fro*  the  Stoblllty  Derituat lue  progro*. 

I - 

llongl tudlnol  nodes 

I - 

t1ass"53000/32.2:lnass  In  slugs 
Cbar*9,77jliean  aerodynamic  chord 
S*639|l»lng  reference  area 
L1"Cbor/2;fpoge  192  (longitudinal  only) 
n0l''.0023769;ldenslty  at  sea  level 
n02-. 0023769*. 3l06;ldenslty  at  35000  ft. 
nU1-t1ass/(R01*S*L1);*page  192 
riU2-ria3o/(n02*S*Ll)  linage  192 

CL-[t.2113  0.72H  0. 2090 J; Ire ference  CL.  From  Stob.  Der.  progrom 

C0-(0.0956  0.0157  0.0211 JjIrefSrence  CD.  From  Stob.  Der.  program 

CLa-{1.8220  5.1700  6.2500]jlroferonce  CLo.  Fro*  Stob.  Der.  program 

CDu-(-0.3021  -0.1030  -0.01611jlreference  CDu.  Fro*  Stab.  Dor.  progrom 

alf-pl/10O*(1O  1  Oiliest Inated  fl.O.fl  fro*  the  respective  Cl’s 

I . . . - . - . . 

Iphugoid  nodes 

Unp(l)-CL(l)/(sqrt(2)*l1UI)|leqn.(6.7,1)  ossuning  negligible  Czu  ond  Czq 
Unp(2)-CL(2)/(8qrt(2)*f1U2)|leqn. (6.7,1)  ossuming  negligible  Czu  ond  Crq 
Unp(3)-CL(3)/(8qrt(2)*nU2)|leqn. (6.7,1)  ossuming  negligible  Czu  ond  Czq 
for  0*1 ! 3, 

Cxu(0)-(-2)*(C0(D)*CL(0)*tan(alf(0)))-C0u(g)|lpoge  150  (II) 

2ep(Q)-(-Cxu(0))/(2*sqrt(2)*CL(g))}leqn.(6.7,1)  ossuming  negl Igib  le  Czu  ond  Czq 
Udp ( g ) -sqr t ( 1 -Zep (Q)^2) ♦Unp (Q); Idomp I ng  f requency 
Tp(g)-(2*pl)/Udp(g)|lperlod 
end 

Chorl-[1  (2*Zep(1)*Unp(l))  Unp(l )^2j;lchoracter 1st Ic  equotlon 

Char2-tl  (2*Zep(2)*Unp(2) )  Unp(2)*2iilchoracterlst Ic  equation 

Char3=(1  (2*Zep(3)*Unp(3) )  Unp(3)"2l|lchorocterlst Ic  equotlon 

RI"root8(Chorl )|lthe  roots 
R2"root8(Chor2)}lth8  roots 
R3"root8(Char3)|lthe  roots 

I - - - - - 

lehort  period  modes 

lyy"71176}l*o*ent  of  Inert lo  from  the  CO  progrom 
lb1-lyy/(flOI*S*L1*3) ilnon-dimenslonol  moment  of  Inert lo.  Poge  192. 
lb2"lyy/(R02*S*LP3)ilnon-dl*en8lonol  moment  of  Inert lo.  Poge  192. 
Czo-(-1)*(CLo*CD);leqn.(5.2,3) 

C*o-t-l.l0l1  -1.2666  -1 .5312]:Ifro*  stobi I Ity  derluot lue  progrom 

C*q-(-7.0521  -8.7602  -1 1 .5919j;lfrom  etobi I Ity  derluot Ive  progrom 

Ceod-{-2.3556  -2.6301  -3. 1705j;*fro*  slobi I Ity  derluot lue  progrom 

Unsf  f )-8ort ( (Cro( f )*C*a( I )-2*nUI •C*o( I ) )/(2*f1UI • lb I ) ) : f eon .(6.7.7)  ossu* I  no 
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negligible  Czodot  and  Czq 
for  0-2:3; 

llns(0)-9qrt((Czo(0)*C«q(0)-2*nU2*Ciia(0))/(2*f1U2*lb2));«eqn.(6.7,7)  oeeuiulnq 

negligible  Czodot  ond  Czq 

end 

Ze9(l)-(-1)*((2*f1UI*C(iiq(t)*lbl*Cza(l)*2*nUI*C«od(1))/(2*(2*nUI*lbt*(Czo(l)-Cmn(t ) 
-2*f1Ut  ♦Cma(  t) )  )'■ .  5) )  [loqn .  (6. 7, 7)  oeeuitlng  negligible  Czodot  ond  Czq 
for  0"2:3, 

289(0)-(-l)*((2*nU2*C(iiq(0)*lb2*Cza(0)*2*f1U2*C«od(0))/(2*(2*l1U2*lb2*(Cza(0)*Cmq(0) 

-2*HU2*Cno{0)))^.5));teqn. (6.7,7)  oesunlng  negligible  Czodot  bnd  Czq 

ond 

for  0") :3, 

Uds(0)“9qrt ( 1 -Ze9(0)^2)*Un9(0) ;*doiiplng  frequency 

T9(0)-(2*pl)/Ud9(g);lperlod 

end 

Charl9"(1  (2*Ze9( l)*Un9( I ))  Unef 1 )"2];tcharacterl9t Ic  equotlon 
Char29-(!  (2*Ze9(2)*IJn9(2))  Un9(2)''2];lchorocterl9t  Ic  equotlon 
Char39”(1  (2*Ze9(3)*Un9(3) )  Un9(3)'2l:Ichorocterl9t Ic  equotlon 
ni9«root9(Charl9) ;lthe  root9 
R29-root9(Char29) ;*the  roote 
n39"root9(Chor39) jlthe  root9 

> . - . - - - - - - - 

ILoterol -Direct lonol  sodeo 

t - - - - - - 


8"72:l»lng  open 
L2-B/2;Ipoge  226 

Ixx-I00006;liiioiient  of  Inertia  from  the  CG  progrom 
lzz"l17693;Iitoment  of  Inert lo  from  the  CG  progrom 
1 XZ-- 1 1.9335; fmoment  of  Inert lo  from  the  CG  progrom 

!*non-dlmen9lonal  moment  of  Inert  I o.  Poge  192. 
*non-dlmon9lonol  moment  of  Inert lo.  Page  192. 
Inon-dimenelonol  moment  of  Inert  lo.  Poge  192. 
Inon-dlmen9lonol  moment  of  Inert lo.  Poge  192. 
fnon-dlmenolonol  moment  of  Inert  lo.  Poge  192. 
llnon-dlmenolonol  moment  of  Inert lo.  Poge  192. 
CyB'*-O.5077;lfrom  etoblllty  derluotlue  progrom 
Cyr»0.2137;lfrom  stability  derluotlue  progrom 
Clp-I-2.1765  -2.5993  -2.8l10j;*from  etoblllty  derluot 

Clr-(0.17I7  0.3620  0.2667j;*from  9tobl I Ity  derluot I 

Cnp"(0.l3l9  0.0761  0.0291 ];Ifrom  etoblllty  derluot I 

Cnr"[-O.O055  -0.0010  -O.O033j;lfrom  stability  derluot 

CIO-(-O.I279  -0.1307  -0. l273];lfrom  9tobl I Ity  derluot 

Cyp-[0.0023  -0.0235  -0.0106j;lfrom  etoblllty  derluot I 

CnB-(0.0576  0.0571  0.0560];lfrom  etobl I Ity  derluot I 


101- lxx/(nOI*S*L2“3) 

102- Ixx/(R02*S*L2"3) 
lcl-lzz/(R0l*S*L2*3) 
Ic2-Izz/(R02*S*L2"3) 
lel-lxz/(R0l*S*L2*3) 
Ie2-Ixz/(R02*S*L2*3) 


lue  progrom 
ue  progrom 
ue  progrom 
lue  progrom 
lue  program 
ue  program 
ue  program 


fl( I  )“2*f1UI*( lol ^Icl -lei *2) ;*polynomlol  coefficient .  eqn. (7.1,3) 
fl(2)-2*f1U2*(lo2*lc2-le2''2)!loolunomlol  coefficient,  eon.  (7. 1.3) 


101 


n(3)-n(2): 

B(I)-CyO*(l0l'2-lal*lcl)-2M1UI«(lcl*Clp{l)+lol*Cnr(l)»le)*(Clr(l)*Cr.p(l)));)tpolun 
oi»lol  coefficient.  eqn.(7.l,3) 
for  0-2:3. 

B(0)-Cyf}*(le2''2-la2*lc2)-2^riU2*(lc2*Clp(0)Ho2*Cnr(0)+le2*(Clr(0)*Cnp(0))):*polun 

omiol  coefficient.  eqn.(7.l,3) 

end 

C(l)-2*l1UI*(Cnr(l)*ClD(l)-Cnp(l)*Clr(l)Hal*CnB(l)Hel*Cin(l))Hol*(CyB»Cnr(l)-rn 
n(l)*Cyr)*lcl*(CyB»Clp(l)-CIB(1)*Cyp(1))*lel*(CyB*Cnp(l)-Cn0(l)*Cyp(l  )+Clr(1 )*Cyn 
-Cyr*CIB(l ) ) :fpolynoi»lal  coefficient.  eqn.(7.l,3) 
for  0-2:3, 

C(0)-2*nU2*(Cnr(0)*Clp(Q)-Cnp(Q)*Clr(Q)+lo2*CnB(0)+le2*CIB(0))Ho2MCyB*Cnr(0)-Cn 
B(0)*Cyr)+lc2*(CyO*Clp(0)-CIO(0)*Cyp(0))He2*(ryB*Cnp(0)-CnB(0)*Cyp(0)«Clr(0)*run 
-Cyr*CIB(0));*polynoiilal  coefficient.  eqn.(7.l,3) 
end 

D(t)-CyB*(Cfr(l)*Cnp(l)-Cnr(l)*Clo(l))*Cyp(l)*(CIB(l)*Cnr(l)-CnB(l)*Clr(l))*(2*l1ll 

1- Cyr)*(CIB(l)*Cnp(l)-CnB(l)*Clp(l))-CL(l)Mlcl*CIB(l)Hel*CnB(l))!*polynomlol 
coefficient.  eqn.(7,l,3) 

for  0-2:3, 

D(0>-CyB*(Clr(0)»Cnp(0)-Cnr(0)*Clp(0))*Cyp(0)*(CIB(0)*Cnr(0)-CnB(0)*Clr(0))‘(2»llll 

2- Cyr)MCIB(0)*Cnp(0)-Cn0(0)*Clp(0))-CL(0)*(lc2»CIB(0)He2*CnB(0));*polynoi»lol 
coefficient.  eqn.(7.l,3) 

end 

E(l)-CL(1)*(CIB(1)*Cnr(l)-CnB(l)*Clr(l)):fpolynoi»lal  coefficient.  eqn.(?.l,3) 
for  0-2:3, 

E(0)-CL(0)*(CIB(0)*Cnr(0)-CnB(0)*C!r(0));Ipolynoi»lal  coefficient.  eqn.(7.l ,3) 
end 

I— . — - - - - 

ChorLOl -(n( I )  B(l )  C(l)  D(l)  E(l )J;Ichorocterlet Ic  equation 
ChorL02-(fl(2)  B(2)  C(2)  0(2)  E(2)l;fcharocterl9t Ic  equotlon 
ChorLD3"in(3)  0(3)  C(3)  0(3)  E(3) J;fchorocter let Ic  equation 
BLOI "root 9(ChorL0l ) ; Ilhe  roots 
nL02-roots(ChorL02),'lthe  roots 
nL03-root9(CharL03);*the  roots 

lUnLljZeLI]  -  0ni1P(CharL01 ) i Inaturol  frequency  ond  damping  rotio 

tUnL2,ZeL2j  -  0nilP(CharL02) ;lnaturol  frequency  and  damping  ratio 

[UnL3,ZeL3]  ■  0flnP(CharL03);lnaturol  frequency  ond  damping  ratio 

UdLI-sqrt ( I -ZeLI . “Z) . *UnLI ;Idamplng  frequency 
TLI-(2*pl)/UdLI;*perlod 

lJdL2"9qrt ( l-ZeL2. *2) . *UnL2;ldamplng  frequency 
TL2-(2*pl)/UdL2i«perlod 

UdL3"9qrt ( I -2eL3. “2) . *UnL3;Xdamplng  frequency 
TL3-(2*pl)/UdL3;*perlod 

I . - - - 
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